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From pig to pigment 


IG IRON received its picturesque name 1n the early days of smelters 

when the long row of molds connected by slender channels reminded 
workmen of a sow feeding her pigs. When lead was cast into somewhat 
similar blocks, though the arrangement of molds did not itself resemble 
a sow and her young, the castings became known as pig lead. 


Pig lead is the starting point in the very important Old Dutch Proc- 
ess for making the finest white lead. This process was invented by the 
early Venetians and popularized by the Dutch when their ships looked 
in upon the far ports of the world’s trade routes. The Old Dutch Proc- 
ess requires approximately ninety days for the slow corrosion of the 
dull blue metal to a snow-white basic lead carbonate. It is costly to the 
manufacturer, but until a really better process is discovered—not merely 
cheaper and quicker—Eagle will still be Pure Old Dutch Process, the 
white lead used by good paint manufacturers in the making of their 
products, and sold ground in oil to good painters since 1843. 


Eagle-Picher lead and allied products, serving all industries, in- 
clude Sublimed Blue Lead for rust prevention, babbitts, solders, 
plumbers’ lead goods, lead pigments dry and ground in oil, lead wool 
for plugging oil wells, zinc, sulphuric acid—a lead product wherever 
lead is required. 


Tech graduates who are now members of the Eagle-Picher organi- 
zation —M. M. Zoller, °21. W. S. Niekamp, ’23—will be glad at any 
time to furnish you with any information about lead or its products. 


Copies of the Lead Tree will be furnished gratis. 


The EAGLE-PICHER LEAD COMPANY - 208 South La Salle Street - Chicago 


EAGLE-PICHER 


Producers of lead and allied products 





Eleven Plants + Branches in all principal cities 
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Reducing power costs in every industry 








Typical Foster Superheater in- 
stallation in water tube boiler. 


For better 


Boston 


Kansas City Detroit Dallas Denver 





power plant economy 


The fact that superheated steam will save from 
5 to 20 per cent in terms of fuel used has been 
largely established through the operating 
records of the 10,000 Foster Superheater 
installations extending over 20 years of service. 


The patented Foster construction promotes 
power plant economy in other ways as well. It 
protects piping, fittings and engine parts from 
the expansion and contraction strains of a 
variable steam temperature. The temperature 
fluctuations that would otherwise result from 
variations in steam demand or furnace condi- 
tions are absorbed by the distinctive Foster 
Extended Surface. 


Write for the Foster Superheater Book, des- 


cribing the Foster Superheater construction 
and records. 


POWER SPECIALTY COMPANY 


‘Foster Superheaters and Economizers 
111 Broadway, New York 
Philadelphia Pittsburgh Chicago 
Plants at Dansville, N. Y., and Egham, England 


FOSTER 


“Vhe SUPERHEATER 


with the extended surface 











San Francisco 
London, England 


A few users of 
Foster Superheaters 


| ee Pee West Virginia Pulp & Paper Co. 
IEE ee ey Phelps Dodge Company 
Bak Se kc 5 a0 Ree Jew Jersey Zinc Co. 
Aluminum..........Aluminum Co. of America 
MR a aik 0. \i'a de eek ee National Lead Co. 
Se ee icc owe a tae owen U. S. Steel Corp. 
RAS ae eae International Nickel Co. 
TS DERN ae eee Homestake Mining Co. 
RITA S COE Nee ea ero Consolidated Coal Co. 
Me ah ataik hens bras sewer Semet Solvay Co. 
) So eye ll! 
Cement...........Alpha Portland Cement Co. 
Harvesters........International Harvester Co. 
| ee eae re Oliver Chilled Plow Co. 
Fertilizer........ American Agricul. Chem. Co. 
Automobiles.......... Packard Motor Car Co. 
. ae Firestone Tire & Rubber Co. 
Electrical Apparatus...... Western Electric Co. 
Explosives. .....E. I. du Pont de Nemours Co. 
Firearms........ Winchester Repeat. Arms Co. 
Meat Packers.......... Se aa asi ae Swift & Co. 
Milk Products....... Borden’s Cond. Milk Co. 
Biscuits.................National Biscuit Co. 
SO hg 0'9-k'ws aie 0% Hershey Chocolate Co. 
PU Wl ko sao 4 te ald © 0:0 0 0-8 wi gis 
BONS Pouus ees Riverside & Dan Riv. Mills 
NONI kad s'udaie 6 80,0 phe American Woolen Mills 
ESSE ee Endicott Johnson Co. 
Leather...........Pfister & Vogel Leather Co. 
Chemicals..............General Chemical Co. 
IS pala ae a’. c 5 Re Sherwin-Williams Co. 
Es hae (datos N. K. Fairbanks Co. 
Locomotives. .......American Locomotive Co. 
3 OS ree American Car & Foundry Co. 
Cash Register...... National Cash Register Co. 
Talking Machines. . . Victor Talking Mach. Co. 
Pa): + cp cs vaca s oe biuee ds 03 Se &e, 
BR cy hx i cs aiky wre ae Eastman Kodak Co. 
NN raul dis Dre" ah a eimai Western Clock Co. 
PE ape Curtis Publishing Co. 
ere Sears, Roebuck & Co. 


Why they use 
Foster Superheaters 


1. A steel tube for 4. Least space for 
strength; a cast iron desired superheating 
shell for durability. effect. 

2. Four to six times 

more heat absorption 5. Steam stays close 
surface as obtained to hot tube surface. 
from bare tubes. 

3. Reserve heat 6. Can be applied to 
stored for sudden de- any make or type of 
mands. boiler. 










Over 
10,000 


installations 


in stationary fower- 
cb lants 
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Paving in Peru 


é is not only inthis country that Koehring pioneers, but in sections 
all over the world the Koehring paver is blazing new concrete 
trails of progress, development and civilization. 


In Peru, for instance—paving streets of Lima and thirty-two of its 
other principal cities, building the important motor highway be- 
tween Lima and Callao and pushing paving work in Cuzco, 
Arequippa and Ayacucho. The Koehring paver is found taking its 
part in this major public improvement. 


Koehring Pavers and Mixers are identified with noteworthy construc- 
tion projects in all parts of the country and the world. “Koehring 
Heavy Duty” is. a symbol signifying equipment of the highest grade, 
built to deliver maximum operating service over a period of years. 


KOEHRING (et) COMPANY 


MILWAUKEE SY WISCONSIN 
 f 





Manufacturers of Pavers, Mixers— Gasoline Cranes, Draglines, Shovels 
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NATIONAL PAVING 








Sentimental Journeys 
Then and Now- 


A Book for 
Roads Scholars 


If The Construction 
of Vitrified Brick 
Pavements”’ is not 
already a text-book in 
your courses, let us 
send you a personal 
copy. Itis an accurate 
and authoritative 
handbook of 92 pages 
which you will want 
to preserve for refer- 
ence after graduation. 





BRICK MA 
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HEN the campus sheiks of the Class of 1896, 

Anyold College, donned their most heart-break- 
ing raiment and sallied forth to play sentimental havoc 
with the inmates of Miss Van Teetum’s Select Finish- 
ing School for girls, no gas-fed conveyance carried 
them on their way. Instead, they went in debt to the 
corner livery stable. 


However, there’s one thing to remember which 
links their day to yours. Many of the very same 
pavements—those of vitrified brick—over which they 
drove are the same pavements you are using today. 


Keep that little fact in mind whenever you hear 
the praises sung of so-called “modern” pavements. 
Ask their backers to show you examples which have 
rendered even as much as fifteen years of service. 
(And then we will give you a long list of vitrified 
brick pavements which have resisted from twenty- 
five to forty-odd years of traffic.) 


VITRIFIED 
© 
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N little more than a quarter cen- 

tury, the manufacture of Timken 
Bearings has become by far the great- 
est bearing industry. A daily capacity 
of 125,000 bearings is required of 
Timken plants in the United States, 
Great Britain and France. The total 
of Timken Bearings built has reached 
150,000,000! And Timken Bearings 
are being ever more nearly universally 
applied to machinery of all kinds, to 


rolling stock, and to motor vehicles. 


Indeed, in many instances, the use of 


anti-friction bearings first became pos- 


sible only because of the special char- 


acteristics of Timken Bearings. 


The progress of industry toward a 
scientifically economic basis through- 
out will be in your hands. And Timken 
Bearings are playing an ever larger 
part in industrial economics. The 
reasons are interestingly outlined in 
the little stiff-bound book, ‘“The De- 
sign of the Timken Bearing.’’ You 


may have a copy upon request. 


THE TIMKEN ROLLER BEARING CO. 
CA HT Oe, 22. G 
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OUTPOSTS OF SUPER-POWER 


T the left is the new Weymouth 
Station of the Boston Edison 
Company. 
Below is the new Long Beach Sta- 
tion of the Southern California 
Edison Company of Los Angeles. 


With the completion of these sta- 
tions — outposts of super-power 
serving 3,000,000 people — the 
power construction work of Stone 
& Webster, Inc., throughout the 
country exceeds 2,250,000 horse 


power. 


STONE & WEBSTER 


INCORPORATED 


DESIGN BUILD 


OPERATE 
FINANCE 
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A Survey of Physics’ 


A discussion of the subject-matter of a collection of lectures 


formal review of this book, it 

seems preferable to set forth its 
substance in a manner as simple and 
straightforward as possible so as to 
give the reader some help toward an 
understanding of the profound changes 
which modern researches have brought 
about in the fundamental ideas and 
theories of physics; and, of course, in 
a brief discussion of this subject, it is 
necessary to assume that the reader 
has considerable knowledge of clas- 
sical physics, and that he knows some- 
thing of the principle of relativity and 
a little of the quantum hypothesis. 

The first really effective method to 
be employed in physics was the method 
of mechanics. This method was 
founded by Gallileo and Newton, and, 
as the method was developed, and 
more and more successfully applied, 
it came more and more to dominate the 
philosophy of physics, until, about the 
middle of the nineteenth century, the 
“mechanical conception,” as Planck 
briefly calls it, was generally believed 
to be an adequate basis for the analysis 
of all the phenomena of nature; the 
“mechanical conception” aimed to ex- 
plain everything in terms of motion; 
the “mechanical conception” is the 
view that all phenomena can be re- 
duced to movements of particles or 
elements of mass. 

The discovery of the principle of the 
conservation a energy (which was at 
first thought to be a purely mechanical 
principle) tended to strengthen the 
“mechanical conception,” and the de- 
velopment of the kinetic theory of 
gases was looked upon as a sample of 
the unlimited conquests which the 
“mechanical conception” was destined 
to make. The latter part of the nine- 
teenth century was the Golden Age of 
the “mechanical conception.” 


*A review of the book entitled “A Survey of Physics,” by 
’. Jones and D. H. Williams, 1925, E. P. Dutton & Company, 


New York. 


[ernst of writing a more or less 





and essays by Max Planck 


By Wm. S. FRANKLIN 


Professor of Physics, Massachusetts Institute of Technology 


An interesting consequence of the 
complete dominance of the ‘“‘mechani- 
cal conception” in the philosophy of 
physics during the latter part of the 
nineteenth century was a reaction 
against the widespread acceptance as 
ultimate realities of such mechanical 
pictures as those afforded by the kinetic 
theory of gases, and this reaction was 
most effectively voiced by Ernst Mach. 
There was no definite experimental 
knowledge of the atom fifty years ago; 
the atom was only an idea at that 
time, and the proud philosophy of 
the “mechanical conceptionists’’ drove 
many physicists back to a notion of 
reality as old as Greek philosophy; and 
some philosophers like Ernst Mach 
placed what seems to us now too great 
an emphasis on this old point of view, 
namely, the point of view that nothing 
is real but our sense perceptions, and 
that all science and all philosophy are 
an economic adaptation of our ideas to 
our perceptions, an adaptation growing 
out of our struggle for existence. This 
economic point of view can hardly ex- 
plain a Newton or a Faraday, and 
Planck points out that it seems to be 
incompatible with the most important 
characteristic of the sciences, namely, 
the progressive attainment of a more 
and more general and unified point of 
view, which, while being kept in accord 
with experiment, becomes more and 
more nearly independent of the indi- 
viduality of separate intellects, more 
and more nearly free from purely 
human bias, more and more nearly 
non-anthropomorphic. 

Nevertheless the ‘mechanical con- 
ception”’ was a strong philosophy, and 
under its stimulus important scientific 
work was done and some results of per- 
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manent value obtained. Planck men- 
tions the kinetic theory of gases as one 
of these valuable results. Indeed, the 
kinetic theory of gases is of very great 
value, although it is based on postu- 
lates which ascribe purely mechanical 
properties to the atom, whereas we 
have now renounced the purely me- 
chanical conception of the atom. 

The method of mechanics may be 
said to be still retained in modern 
physics and to be applicable to every- 
thing in nature where irreversible proc- 
esses do not exist or where irreversible 
processes are neglected, and the meth- 
od of mechanics thus widely used can 
be defined as including everything 
that conforms to and falls under the 
principle of least action; but the 
method of mechanics so defined, which 
Planck calls the method of dynamics, 
is by no means the same thing as the 
“mechanical conception,” because in 
many cases it is independent of any 
knowledge of or any postulate con- 
cerning things or substances or par- 
ticles which move. In particular, it 
includes in its realm such things as 
electromagnetic disturbances (light) 
without requiring the existence of the 
ether, and it is entirely in accord with 
the principle of relativity. 

It is apparently absurd to speak of a 
method as a mechanical method or as 
dynamics (after Planck) when there 
is no thought of motion of concrete 
things, but at best only motion of 
energy (as in the case of light); but the 
method, in its mathematical aspects, 
in the kind of correlation which it 
accomplishes, and in the kinds of 
measurements involved in its experi- 
mental researches, is the same old 
method of mechanics. 

The reader will be left, as it were, in 
a mental vacuum by the above refer- 
ence to the principle of least action as 
the thing which characterizes the 

(Continued on page 164) 








Water Power Possibilities of the St. Lawrence 
and Niagara Rivers 


A discussion of the technical, economical, and political aspects involved 
in the development of this six-million horsepower project 


HE St. Lawrence and Niagara 
Rivers have remarkable and 
practically unprecedented char- 


acteristics when viewed as sources of 


hydro-electric power. They have ex- 
tremely large flow, which has very 
great uniformity throughout the year. 
They have a total drop of over 500 
feet, which is concentrated in a few 
locations at large falls and rapids. 
Finally, these rivers are in a thickly 
settled and highly industrialized sec- 
tion of territory, and they are within 


transmission distance of a number of 


large cities. 

In no case has the entire flow of 
these rivers been utilized for power 
development. This is contemplated, 
however, for the St. Lawrence River 
at Cornwall, where one rapid can give 
nearly as much power as all the de- 
velopments using partial flow of these 
rivers so far constructed. If the entire 
flow should be developed wherever 
possible, new developments totaling 
probably 6,000,000 h. p. could be made. 
The discussion of such a huge amount 
of power may seem visionary and im- 
practical, but while it is not likely to 
be developed in the next few years, yet 
from an engineering and economic 
point of view it ought to be developed. 
The chief obstacles seem to be the 
inherently large size of the under- 
takings, and the political questions, 
which are yet unsettled, about how to 
deal withor control these developments. 

On the St. Lawrence, for some dis- 
tance above Montreal, 
the river are Canadian territory. This 
part, which includes the Lachine and 
other rapids, can give as much as 
1,400,000 h. p. of new developments, ac- 
cording to an estimate recently put out. 

Farther up the river, the Interna- 
tional Commission is busily engaged 
at the present time in preparing plans 
for a 1,600,000 h. p. development near 
Cornwall, half of this power to belong 
to each country. 
are being prepared shows a spirit of 
friendliness and co-operation between 
the two countries, but it does not mean 
that a decision has been made to go 
ahead with the project. However, this 
power development may be helped 
along because it is part of the St. 
Lawrence Deep Waterways Project to 
allow ocean ships to go up to the Great 
Lakes, for which there is a good deal 
of urgent demand from the districts 
farther west in both countries. 


both banks of 


The fact that plans 


By H. B. Dwicut 


Professor of Electrical Engineering, Massachusetts Insti- 


tute of Technology 


A very important item which should 
be kept in mind in discussing water- 
power projects is the estimated cost 
per horsepower of the installation. 
With water power this is much more 
important than operating costs. It is 
as essential as the price per ton would 
be in relation to a purchase of coal. It 
is, therefore, of importance that an 
approximate estimate of $115 per 
horsepower has been published for this 
project. This figure is low enough to 
compare favorably with other success- 
ful hydro-electric developments. 


Siieaces ane Alr-Live DISTANCES 
for TRAWSHISSION LINE DISTANCES, 
Apo 1/070 £20 Fem CENT. 





ALT IMORE QI 
¢ 


WASHINGTON O 


Turning our attention to the Niagara 
River, a question in which engineers 
and the general public have an interest 
and perhaps a duty to obtain the most 
correct information possible, is whether 
use should be made of the power of the 
Whirlpool Rapids. While these form 
a scenic spectacle, it would seem that 
it is not in the same class with Niagara 
Falls, and since there is available about 
2,000,000 h. p., the development may 
be justifiable. 

There is so much water to be handled 
in such a narrow space that there are 
technical difficulties in finding room 
for the water-wheel units and also for 
the overflow. Probably the only pro- 
posal that has been published for 
handling the entire river flow is that 
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byJKennard Thomson, a civil engineer 
of New York City who was born and 
brought up near Niagara Falls. He 
has designed a dam 1000 feet long to 
be built on Foster’s Flats, below the 
Whirlpool Rapids, where the Niagara 
Gorge is wider than usual. The spill- 
way is at one end of the dam, and has 
the same width and location that the 
river now has. 

The section of dam he proposes 
is interesting. The generators are in- 
side the dam, and the water is fed to 
the water-wheels by a tubular passage 
in the dam, all the water being taken 
in at one end so as to avoid being 
choked with ice. The base of the dam 
is extremely broad, being 500 feet wide, 
so that the easy slopes will tend to pre- 
vent ice jams, or scouring of the river 
bed. 

A very low cost per horsepower has 
been estimated for this development, 
and this does not seem impossible 
since the dam, which would be the 
largest item of cost, would be only 
1000 feet long. 

A description of a plan for a partial 
development has been published by 
which a tunnel several miles long would 
be cut through the rock in the side of 
the gorge and would feed a power-house 
at the foot of the rapids. Such a de- 
velopment would be of a conven- 
tional type, except that the tunnel 
would be unusually long and expen- 
sive. Such a partial development 
could give only a few hundred thousand 
horsepower out of two million avail- 
able. 

The final location to be considered 
is at Niagara Falls. It is practically a 
unanimous opinion that Niagara Falls 
should be kept unimpaired as a scenic 
spectacle. 

Niagara Falls are at present at a very 
fortunate stage as regards scenic effect, 
since they form a circular panorama 
of great extent and beauty. About five 
hundred years ago, when the Falls 
went straight across the Gorge, where 
the arch bridge now is, the spectacle 
was not nearly as fine as at present. 
In the future, when the Horseshoe 
Falls will have turned the corner and 
got behind Goat Island, the spectacle 
will cease to be the panorama which 
we now see. The wearing back of the 
Horseshoe Falls should, therefore, be 
delayed as much as possible. 

The map shown in Figure 2 gives 
the surveyed location of the Horseshoe 
Falls for 1764 and 1842, and it plainly 
indicates that the maximum wear is at 
the narrow central cleft where the 
greater part of the flow of the river is 
concentrated. This wear is about six 
feet per year. The excessive concen- 
tration of water in the central cleft is 
detrimental in causing rapid wear of 
that part, and in taking water away 
'rom other parts of the Falls. For in- 
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Figure 2 . 


A DIAGRAMMATIC SKETCH OF NIAGARA FALLS 


The location of the crest of the Horseshoe Falls is shown as it existed in various years from 1764 to 
1923. The progress toward the destruction of the horseshoe form of the fall is well illustrated. 


stance, the American Falls, which are 
1000 feet wide, have only 1/20 of the 
total river flow. It therefore appears 
to be the duty of the American and 
Canadian governments to build sub- 
merged dams above the Falls to de- 
flect water away from the central cleft 
and minimize its objectionable effects. 

An international treaty limits the 
amount of water for power develop- 
ment at Niagara Falls, in order that 
their scenic value shall not be impaired. 
By building dams above the Falls, it is 
possible to spread the water so as to 
improve the scenic effect, and further, 
to allow increased water for power. It 
is therefore possible to revise the 
treaty so as to allow greater power 
generation without departing from the 
original purpose of the treaty. Water 
should not be allowed to run to waste 
and serve no purpose either of scenic 
effect or power generation. 

The effect which submerged dams 
or artificial islands above the Falls 
would produce has been experiment- 
ally determined by the 100-foot, out- 
door model of Niagara Falls which was 
described and illustrated in THe TEcu 
ENGINEERING News of May, 1925, by 
E. H. Sargent, Chief Engineer of the 
Hudson River Regulating District. 
Experiments with the model indicate 
that an additional 1,000,000 h. p. or 
more could be developed at the Falls, 
without bad effects, and with actual 
benefit to the Falls. 

New power developments at Niagara 
Falls could be made, if the treaty were 
revised, by enlarging or dupiicating 
any of the present developments on 
both sides of the river. It has also been 


proposed by Kennard Thomson that 
tunnels be cut under Goat Island; sup- 
plying a power-house built into the 
base of the cliff. This would seem not 
to interfere with the use of the island 
for park purposes in any way. 

One-half of the total water would 
belong to Canada, but if developments 
on the American side prove to have a 
lower cost per horsepower, there does 
not seem to be any reason why loca- 
tions in American territory should not 
be leased to Canada, and all the rights 
of both countries thoroughly  safe- 
guarded. 

A great deal of ice passes down the 
Niagara River in the winter and spring, 
and it reduces the output of the dif- 
ferent plants at times. Ice collects at 
the eastern end of Lake Erie for several 
miles, and lasts sometimes till the 
middle of May. It appears possible to 
construct a dam across the Niagara 
River at the Lake Erie end to hold 
back the ice until it melts in the spring. 
Such a dam would have to be suitably 
protected by breakwaters so that 
storms would not force the ice over the 
dam. A small ice-breaker could be put 
in operation, so that the opening of 
navigation would not be delayed by 
reason of the dam. The crops in the 
district surrounding that part of Lake 
Erie would not be delayed much by 
the dam, for in May the weather is 
warm enough to melt the ice in a few 
days, even if the ice does not pass down 
the Niagara River. 

The control gates of such a dam near 
Buffalo could be operated to give sea- 
sonal. storage of water. The level of 

(Continued on page 160) 








World’s Highest Head Reaction Turbine Plant 


A description of the 860-foot head Oak Grove Station of the Portland Electric Power 


Company, including a discussion of reasons for the development 


N general, reaction turbines are 

used where a stream has a low head 

and impulse turbines are used 
where a stream furnishes a head of 
several hundred feet. However, one 
notable departure from this practice 
is the case of the Oak Grove Station of 
the Portland Electric Power Company, 
the head of which is 860 feet. The 
story of how this development came to 
be made with reaction turbines is an 
interesting one not only to hy draulic 
engineers, but to electrical and mechan- 
ical engineers and other people in the 
various branches of engineering work. 


History 


The first turbines installed in the 
western country were of primitive con- 
struction, built from designs that were 
developed largely by cut-and-try meth- 
ods, for installation under compara- 
tively low heads. Impulse turbines or 
Pelton wheels (named after Lester 


Pelton, an old miner and millwright 


who is credited with the invention of 
the first split bucket, which, in a more 
improved form, is still used in modern 
equipment) were used almost exclu- 
sively in the Pacific Country, in the 
large and more important installations, 
until about fifteen years ago. At this 
time the growing paucity of accessible 
high-head sites for. Pelton-wheel in- 
stallations caused engineers to turn 
somewhat to the possible development 


of somewhat lower heads by use of 


Francis turbines. A number of such 
turbine installations were made of a 
capacity considerably exceeding earlier 
designs, and thus constituted an early 
advance in the art of turbine develop- 
ment in the great West. Numerous 
plants were installed for heads lower 
and water quantities larger than were 
suited to Pelton wheels, and economic 
conditions were responsible for leaving 
these sites, offering the combination 
of high head with large water quantity 
in a largely undeveloped condition. 

As a result of the growth of industry 
and increasing demand for power, 
there naturally followed a consolida- 
tion of the smaller companies into 
operating systems of considerable mag- 
nitude and greatly enlarged resources, 
and these systems were often co-ordi- 
nated with ‘others, thus effecting fur- 
ther economy in operation and invest- 
ment. The public-utility companies 
formed by such consolidations were 
able to look upon the power problem 
and the development of added capacity 
to meet the existing and growing de- 
mands from a far different and more 
comprehensive viewpoint than had 
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been possible in the earlier days of 
hydro-electric construction. 

The World War and its demand for 
conservation of resources led to further 
interconnection of the large companies, 
forming a network linking together 
and thus co-ordinating practically all 
of the water-producing sources on the 
Pacific Coast. It can be well under- 
stood, under such circumstances and 
with such background, that the best 
engineering thought led toward a more 
comprehensive development of the 
entire watersheds, with their rivers and 
tributaries, into single projects. The 
increased resources of the power com- 
panies, and their superior ability to 
finance projects of greater cost, made 
it possible to turn again to those power 
sites the development of which in the 
earlier days had been beyond the 
means available. The fact that such 
projects were generally more remote 
from the market no longer presented 
an insurmountable barrier, for long 
transmission lines and the use of 
higher transmission voltages elimi- 
nated this difficulty. 


However, with the advent of the 
long transmission lines, it became 
necessary to give consideration to 


other factors in the design of hydro- 
It followed logi- 


electric machinery. 


~ 
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cally that the future power-house 
should contain units of such capacity 
that a single one would be able to 
charge a transmission line of great 
length. The growth of the power de- 
mand, supplied by the larger com- 
panies, made it necessary to consider 
individual units of large capacity 
which would operate continuously 
upon a block or base load and at effi- 
ciencies which would insure the most 
economical use of the water supply. 
It followed logically that water-wheels 
of the Pelton type, of capacity suffi- 
cient to meet the general operating 
requirements, would be found unsatis- 
factorily large and of relatively slow 
speed if used under some of the heads 
that were available for development. 
Economically, therefore, the Francis 
turbine offered a very attractive pos- 
sible solution for such installations, 
provided it could be made dependable 
and its operation and maintenance 
under heads hitherto untried could be 
successfully demonstrated. Such were 
the conditions that made the selection 
of a reaction turbine for the Oak Grove 
Station possible. It was too large a 
volume of water to be economically 
handled by Pelton water-wheels of the 
impulse type. 

The first distinctly high-head Fran- 
cis-type turbine design was developed 
for installation at the Kern River No. 
3 Power-House of the Southern Cali- 
fornia Edison Company. This plant 
uses the water of the Kern River, and 


LARGEST REACTION TYPE HYDRAULIC TURBINE 


The turbine is 35,000 horsepower and is now in operation at the Oak Grove Station. 
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November, 1925. 
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This system is for the hydraulic turbine 
governors. 


consists of two 25,000 h. p. vertical 
Pelton turbines of the Francis type, 
operating with a head of 810 feet, and 
with speeds of 500 or 600 r. p. m., 
depending upon whether the plant is 
connected to the 50-cycle or 60-cycle 
portion of the Edison Company Sys- 
tem. The Oak Grove Plant of the 
Portland Electric Power Company, 
which went into operation in July, 
1924, is the second of the high-head 
installations, and so far as known is the 
highest-head plant in existence in 
which reaction turbines are the main 
source of power. 


Description of the Plant 


The Portland Electric Power Com- 
pany has for many years supplied 
electric power to the industries in 
Oregon and has participated in the 
evolution of hydro-electric plant de- 
sign and operation as have few others 
in the Western States. There is in serv- 
Ice on its system at the present time 
a series of low-head reaction turbines 
installed in 1889 to operate under 
heads of from 20 to 40 feet, each unit 
driving a generator of 425 kw. capac- 
ity. In 1907 a turbine was installed 
for operation under 130 feet head and 
direct connected to a 2500 kw. genera- 
tor. Later, in 1911, a third installation 
was made, utilizing a number of tur- 
bines operating under 81 feet head and 
each direct-connected to a 3300 kw. 
generator. A year later, in 1912, a 
further development was made util- 
izing a head of 325 feet and a genera- 
tor of 5250 kw. capacity. It can be 
seen, therefore, that the Portland Elec- 
tric Power Company has participated 
in the growth of the hydro-electric 
industry over a considerable period of 
years, during which the operating head 
‘or turbines on their system has 
hanged from 20 feet in 1889 to 860 
cet in 1924, while capacities per unit 
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have gone from 425 kw. to 25,000 kw. 
During the same period the system has 
grown until now it has a capacity of 
about 90,000 kw., serving a population 
of 350,000 people distributed over a 
total area of 500 square miles. This 
undertaking requires 550 miles of high- 
tension transmission lines and over 
9200 miles of distribution lines, the 
present yearly output being over 350,- 
000,000 kw. hrs. Here can be seen the 
typical development and conditions 
responsible for the present-day large- 
capacity hydro-electric units. 

The Oak Grove Plant is situated on 
Oak Grove Creek, a tributary of the 
Clackamas River, about seventy miles 
from Portland, Ore. The stream flow 
of Oak Grove Creek is very uniform 
and dependable in dry seasons. Water 
is diverted about six and one-half 
miles above the plant by a concrete 
intake dam of arched form 68 feet high 
and 68 feet long. The first 1500 feet of 
the conduit from the dam is a concrete 
lined tunnel 14 feet in diameter, this 
section being designed of sufficient 
capacity for carrying water for the full 
development, which ultimately will 
consist of three 35,000 h. p. turbines. 
A nine-foot-diameter steel pipe con- 
tinues from this point to a concrete 
Johnson differential surge tank at the 
crest of the hiil, from which the princi- 
pal drop to the power-house is secured. 
A wye, or manifold branch, is also pro- 
vided at the lower end of the 14-foot- 
diameter tunnel section for the con- 
nection of future pipe-line conduit 
which will be installed when the addi- 
tional units are put in. A penstock 
proceeds from the surge tank to the 
power-house a distance of 1200 feet, 
tapering from a diameter of 8 feet at 
the top to 6 feet at the bottom, where 
the turbine is connected with a static 
head of 930 feet. Between the outlet 
to the surge tank and the upper section 
of the penstock a Johnson valve is in- 
stalled. 

The power-house at the present 
time contains one 35,000 h. p. vertical 
Pelton turbine designed to operate 
under an effective head of 860 feet, and 
driving a General Electric generator 
of 30,000 kva. capacity, wound for 
11,000 volts at 514 r. p. m. A direct- 
connected exciter is mounted on the 
upper end of the generator, and the 
rotating element, consisting of genera- 
tor, rotor, and turbine runner, with 
their respective shafts, is supported 
by a Kingsbury thrust bearing. The 
generator is ventilated by means of 
closed air ducts which surround it, and 
air circulation is induced by rotation 
of the machine itself. Provision is 
made for forced ventilation if it is 
later required. 

As previously stated, the turbine 
is of the vertical type. Its shaft is 
rigid-coupling-connected to that of the 
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generator above, there being in all 
three steady bearing supports for the 
entire shaft length. Two of these are 
incorporated in the generator and the 
third is in the turbine. The runners 
are mounted upon a tapered portion 
of the shaft which extends below the 
turbine bearing. The main floor of the 
power-house is located at the upper 
level of the generator. The governor 
and the control for the main shut-off 
gate are located on this operating floor, 
and suitable extensions are continued 
downward to the _ turbine-operating 
deck two stories below. Still further 
below the turbine-operating deck is the 
draft-tube deck, from which access is 
had into the turbine casing by removal 
of certain of the draft-tube sections, 
which are made of metal and especially 
designed for the purpose. The draft 
tube is of the Moody spreading type, 
formed in the solid concrete substruc- 
ture of the power-house. The turbine 
casing is made of annealed cast steel in 
several sections, heavily bolted to- 
gether with high-pressure gaskets. Ex- 
tension pads are provided on the casing 
sections for the support of the servo- 
motor cylinders. The upper and lower 
ring covers for the turbine casing are 
made of cast iron, and both have 
bronze-fitted bearings for supporting 
the turbine guide-vanes. 

The runner is a single bronze casting 
having a capacity of 35,000 h. p. at an 
effective head of 850 feet. The normal 
operating speed is 514 r. p. m., and the 
specific speed (English system) is 21.5. 
Turbines designed for lower heads use 
no stuffing-boxes at the point where the 
shaft passes from the interior of the 
casing, a grease seal being normally 
considered ample protection. Obvi- 
ously, however, should any internal 

(Continued on page 168) 
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CROSS SECTION OF REACTION TURBINE 
The relief valve, which functions when the power 
is thrown off the station, is shown in the 
right-hand corner. 











Launching of the U.S. S. Lexington 


An account of the considerations in the launching at the Fore River Plant, 
including a description of the airplane carrier 


HE United States Airplane Car- 

rier Lexington was launched at 

the Fore River Plant of the 
Bethlehem Shipbuilding Corporation, 
Ltd., at Quincy, Mass., on the third 
of October. The launching of this ship 
was of unusual interest, not only to 
naval architects and others familiar 
with the problems of launching, but 
to everyone who was there to witness it. 

In addition to the great size of the 
vessel, there was the unusual feature 
of stopping her almost as soon as she 
was afloat. When it is realized that the 
weight of the ship and her cradle 
during launching was something over 
27,000 tons, the greatest ever at- 
tempted in this country, and that this 
weight was moving over twenty feet 
per second when the vessel left the 
ways, it will be evident that the stop- 
ping of the ship with her bow less than 
140 feet from the end of the launching 
ways was an achievement of the great- 
est magnitude. 

Furthermore, it must be realized 
that the checking arrangements could 
not be brought into action too soon, 
for then the vessel might stop before 
being entirely clear of the ways. In 
other words, the checking arrange- 
ments had to function in the very short 
distance of about 200 feet, or in less 
than a quarter of the length of the ship. 
The entire success of the undertaking 
therefore reflects great credit upon the 
builders of the vessel, and shows the 
extreme care and forethought which 
were given by them to the launching 
arrangements. 

The Lexington is an unusually in- 
teresting ship, and when completed 
will form a most valuable and needed 
addition to the United States Navy. 
With her sister-ship, the Saratoga, 
launched at the shipyard of the New 
York Shipbuilding Company, at Cam- 
den, N. J., last April, the Navy will 
have two of the largest and most up- 
to-date airplane carriers in existence, 
and in view of the increasing im- 
portance of aircraft, a long-felt want 
will be supplied. 

The present Lexington is the fourth 
vessel of the United States Navy to 
bear this historical name. The first 
was a brig, carrying 16 guns, and 
authorized by Congress in 1775. She 
took an active part in the Revolution- 
ary War, but was finally captured by 
the British ship Alert in 1777. The 
second vessel of this name was a sloop- 
of-war, built in 1825, later serving in 
the Mexican War, while the third 
Lexington, a side-wheel steamer, ren- 
dered valuable service during the Civil 
War on the western rivers. 


By Henry H. W. Kerrn, ’05 
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The new Lexington, and her sister- 
ship, Saratoga, are the longest warships 
ever built, and the largest ships of any 
kind ever built in this country. They, 
with four others of the same design, 
were originally intended as battle 
cruisers, and were authorized by Con- 
gress in 1916. In 1922, under the terms 
of the Washington Disarmament Con- 
ference, four of these ships were 
doomed to be scrapped, while the 
Lexington and Saratoga were rede- 
signed as airplane carriers. 

The Lexington has a length over all 
of 888 feet, a breadth of 106 feet, and 
will have sufficient power to make a 
speed of 33 knots, or about 38 miles, 
an hour. In addition to being able to 
carry over 70 airplanes, the Lexington 
carries a battery of eight eight-inch 
guns, and twelve five-inch anti-air- 
craft guns. Her machinery is capable 
of developing 180,000 horsepower, and 
consists of four turbo-generator sets 
which ‘supply electricity to eight mo- 
tors, these latter being connected in 
pairs to each of the four propeller 
shafts. Each motor has a capacity of 
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22,500 horsepower, a weight of over 
200,000 pounds, and is 15 feet in 
diameter. An idea of the size of this 
immense power plant can be obtained 
from the published statement that if 
moored to a pier the Lexington could 
generate sufficient electricity to supply 
the needs of the city of Boston. The 
power of the Lexington is also over six 
times that of the new United States 
Battleship Maryland. 

When completed, the Lexington will 
present a most unusual appearance, as 
the uppermost deck, extending com- 
pletely from bow to stern, has been 
designed as a landing platform for air- 
planes. In order that these may have 
a wide, clear run-all fore-and-aft, the 
superstructure, smokestack, bridges, 
mast, etc., are to be placed on the star- 
board side. Completed, the Lexington 
will cost about $43,000,000. 

As previously stated, the Lexington 
had a launching weight of over 27,000 
tons. In order to check the momentum 
of this immense moving weight, 
twenty drags, made up of piles of 
chain cable, were used. These drags 
were attached to the ship’s side by 
wire ropes, eight inches in circum- 
ference, and the total weight of the 


(Continued on page 172) 





THE U. S. S. LEXINGTON BEING LAUNCHED AT FORE RIVER 
This new ship can carry about 70 planes on her deck. She will have a speed of 33 knots and will carr 
12 five-inch anti-aircraft guns. 
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Enameling—An Important Branch of Ceramics 


A description of the process, fundamentals, and problems incurred in 


enameling on cast iron, sheet iron, and steel 


HAT branch of science known as 

Ceramics is broad in its scope 

and includes such important 
industries as pottery, glass, enamel- 
ware, terra cotta, and clay products. 
An endeavor will be made here to 
describe briefly the terms, history, 
processes, fundamentals, and difficul- 
ties incurred in one branch of the 
ceramic art, namely, that of enameling 
on cast iron, sheet iron, and steel. 

Enameling of this type is called 
vitreous, and the glasses applied to the 
metal are opaque. The term “‘porce- 
lain” is used in the trade to cover the 
pottery division. Here the body is a 
clay base instead of metal, and the 
glass covering is called a glaze instead 
of an enamel. The glaze is not neces- 
sarily opaque, depending on the type 
of body that it has to cover. 

Before going too far into the enamel- 
ing problem, it might be interesting to 
trace the development of ceramics 
from early times up to the present day. 
In H. G. Wells’ “Outline of History,” 
the first mention of pottery or un- 
glazed earthenware shapes dates back 
ten or twelve thousand years B. C., 
or during the Neolithic Age. Inscrip- 
tions on pots, jars, and so forth have 
enabled historians to obtain accurate 
data on the life, habits, and customs 
of people who lived so many thousands 
of years ago. It is interesting that, 
instead of depending on history for 
information regarding pottery, history 
has been more or less dependent on 
pottery. The first stage of pottery was 
when man made shapes out of wet clay 
and allowed them to dry in the sun. 
This proved highly unsatisfactory, for 
as soon as rain or water touched the 
piece, it was again reduced to mud. 
The discovery was next made that fire 
treatment overcame this difficulty; but 
with the temperature that primitive 
man was able to obtain, the articles 
were still porous. About 4000 B. C. 
the Egyptians discovered the use of 
glaze, probably coincidently with the 
discovery of glass; however, the Chinese 
are considered the greatest potters, and 
a first lead glaze was no doubt made 
by them several centuries B. C. 

The derivation of some of the 
present-day terms used in the ceramic 
art is very interesting. The word 

‘ceramic’ comes from the Greek word 
meaning “earthen” or “earthenware.” 
This narrow meaning has, of course, 
expanded to take in many allied arts 
and industries. The term “porcelain” 
developed in a peculiar manner. The 


Chinese exported some of their very 
fine ware to Italy, and the Italians 
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likened its luster and beauty to the 
sea-shell, “‘porcellanus,” the shell being 
so called on account of its shape being 
similar to that of the back of a pig. 
The Latin term for this animal is 
“porcas.”’ Oddly enough, then, the 
name for this beautiful type of pottery 
was derived from the lowly pig. 

Time has brought wonderful de- 
velopments not only in the pottery end 
of ceramics, but also in the enameling 
end. Although this latter art has been 
known for many years, it is not until 
lately that the iron and steel enameling 
industry has become of commercial 
importance; in fact, the last twenty 
years have seen its wonderful develop- 
ment. This has been due largely to 
the general advancement of science. 
Able chemists and ceramists have done 
much toward this development, and 
have succeeded in bringing to light 
trade secrets that heretofore had been 
closely guarded by a few. As a con- 
sequence, the ceramic industry has 
gone steadily ahead, and today the 
most accurate figures obtainable show 
that in value of products produced it 
is second only to the great steel and 
iron industry. The demand and con- 
sumption of ceramic products have 
steadily increased the past few years, 
and the possibility of still larger pro- 


duction and expansion in the future ° 


is practically an assured fact. 

The accompanying chart shows the 
processes required to produce a finished 
piece of enameled ware. In the 
brackets to the right of the center 
line is shown the outline for the dry 
process — cast-iron enameling. The 
brackets to the left outline the wet 
process — sheet steel or sheet iron 
enameling. The brackets in the middle 
indicate processes used by both types. 

The first stage is the mixing of the 
raw materials il the enamels. There 
are three types of raw materials — 
refractories, fluxes, and opacifiers. The 
refractories are the materials that fuse 
at a high point; the fluxes are the ones 
that fuse at a low point, and the 
opacifiers are the ones that give the 
opacity to the enamel. 

The four usual refractories are 
feldspar, quartz or sand, cullet or 
broken glass, and clays. Clays, how- 
ever, are not generally used in the 
frit. Common fluxes are calcium 
carbonate, barium carbonate, soda 
ash, sodium nitrate, litharge, red lead, 
zinc oxide, and borax. 
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The fluorides are considered acces- 
sory opacifiers, because they give some 
opacity to the enamel, but not enough. 
Tin oxide is the main opacifier used 
today. Other opacifiers are the anti- 
mony compounds, either antimony 
oxide or sodium met-antimonate; zir- 
conium oxide or silicate, and arsenic 
oxide. The latter is not used generally 
on account of its poisonous nature. 

Sometimes these raw materials are 
mixed in rotary mixers and at other 
times they are mixed with a shovel. 
They are then put in a furnace called 
the frit furnace or frit smelter, which 
reaches a temperature of about 2400° 
F. That temperature is high enough 
to drive off the water in the borax and 
the gases in the barium carbonate and 
calcium carbonate. After the mix has 
been completely fused, and all the 
gases driven off, it is then run into a 
tank of water, where the molten mass 
of enamel solidifies and breaks up. 
For wet process work, the enamel or 
frit is dried for the purpose of getting 
accurate weight, so that the exact per- 
centage of water will be known. It is 
important to have these figures to con- 
trol the viscosity of the mixture. In 
the wet process the enamel is ground 
in water. 

The enamel is suspended in water 
for ground coat application in either 
of the two processes. The coat is then 
applied to the base metal by slushing, 
that is, by dipping the piece in the 
suspension and shaking to get uniform 
distribution, or by draining or spray- 
ing. Sometimes the ground coat is 
applied with a brush in the same man- 
ner as paint. 

After the wet ground coat has been 
applied, it must be dried before being 
put into the enamel furnace, otherwise 
the water would blister the enamel and 
throw it off. In the wet process, the 
cover coats are then applied and dried 
and succeedingly fused onto the metal, 
in the enamel furnace. 

In the dry process, after the under 
coat has been fused on the casting, the 
cover enamel is sifted on dry and the 
piece put into the furnace. It is then 
cooled and another coat applied until 
finally the piece of ware is finished. 

Some of the articles produced by the 
wet and dry processes are listed at the 
top of the chart. 

Another process is that of applying” 
the enamel wet to cast iron, a process 
which is adapted to small castings 
where production is a big factor. Here 
lead oxide is used more extensively 
than in any other process. 

The chart also indicates a typical 
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dry and wet process formula showing 
the percentage of various ingredients. 
In the wet process the frit is made 
without an opacifier. After smelting, 
tin oxide is usually added to the frit, 
which is then ground and mixed with 
water. Clay is also added to the mix- 
ture as a suspending agent to obtain 
proper dispersion. 

The theory of opacifiers in enamel 
is similar to one with which we are all 
familiar, viz., pigments in paints. Con- 
trary to popular belief, opacifiers in 
enamels are not truly opaque, for when 
viewed under a powerful microscope 
they are all transparent. Therefore, 
they do not make enamels opaque by 
forming suspensions of opaque ma- 
terial. Simply, the theory is that the 


opacifiers, having a higher index of 


refraction than the material in which 
they are suspended, together with 
their insolubility and fine state of sub- 
division, diffuse light in so many direc- 
tions and angles that the enamel be- 
comes opaque and white. 

As stated before, tin oxide is prob- 
ably the most widely used opacifier. 
Different grades of tin oxide give vary- 
ing results as to the color of the enamel. 
Enamels high in sodium or potassium 
tend to decrease opacity, as there is a 
tendency toward soluble sodium or 
potassium stannates being formed. 
Three per cent of tin oxide usually goes 
into solution in the frit. Enamels 
having lead as a flux and tin as an 
opacifier give fine white coatings. 

The price of antimony oxide is less 
than half that of tin, and is being used 
considerably at the present time. 
There are three oxides of antimony, 
viz., tri, tetra, and penta. All pass to 
the tetra oxide when heated. About 
five per cent of the oxide goes into 
solution when fritted. Antimony can- 
not be used successfully for producing 
white enamels where the formula calls 
for more than ten per cent lead oxide. 
More lead than that amount will 
result in a yellow color. Here, too, the 
calcium content has to be controlled 
in order to keep away from blue tints, 
developed when antimony and calcium 
are used in the same enamel. Some 
theories have been propounded claim- 
ing that the yellow tint produced with 
lead tends to neutralize the blue color 
from antimony and calcium, thereby 
producing a white or greenish tint. 
The mechanics of such discolorizations 
are not completely understood, and in 
view of the fact that they do not 
uniformly occur where antimony is 
used in conjunction with calcium, it is 
safe to say that the nature of the 
atmosphere in the frit furnace has more 
to do with the trouble than anything 
else. 

It is very easy to get reducing con- 
ditions in the furnace if the smelter is 
not watched closely. Quite a few 
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manufacturers claim that they have 
less trouble with color when the poorer 
or impurer grades of antimony oxide 
are used. Sodium met-antimonate is 
now being used as an opacifier. This 
product assures the manufacturer of 
having the antimony in its highest 
state of oxidation, and of greater 
uniformity. 

Zirconium oxide of silicate is being 
used sparingly in place of tin or anti- 
mony. A greater amount of zirconium 
opacifier has to be used than tin to get 
equal opacity. The resultant enamel 
does not have as good color, and be- 
cause zirconium compounds are more 
refractive, more fluxes or higher heats 
must be used. The former runs up 
cost and the latter diminishes the 

value of the opacifier by putting more 
in solution. When zirconium is used 
in the mill, fairly good results are ob- 
tained. The economy of using zir- 
conium products has certainly not yet 
been established in the minds of plant 
men, and when good results are de- 
sired they always fall back on tin oxide. 

It seems advisable to tell briefly how 
formulas are developed. Cast iron has 
a coefficient of expansion or contrac- 
tion of about 310 x 10-6, and steel 
around 400 x 10-6. The expansion 
coefficient of the raw materials used in 
enamels has also been calculated so 
that by multiplying the percentage of 
the ingredients in the melted weight by 
those figures, and adding, the coeffi- 
cient of expansion of the resultant 
enamel can be obtained. The ideal 
enamel, of course, would have the same 
figure as that of the base metal, and as 
far as practicable this is done. Lead 
oxide is the only one that approximates 
the coefficient of contraction of iron. 
In other words, if we had a glass con- 
sisting of 100 per cent lead oxide, it 
would have a coefficient of 300, which 
is practically ideal because it is about 
the same as that of iron. 

Other important factors, however, 
must be taken into consideration, 
such as: 


1. Permanency of the enamel. The 
more silica, the more permanent and 
acid-resisting the enamel; however, 
this cannot be carried too far, due to 
silica’s low coefficient of expansion. 


2. Heat necessary to melt enamel. 
For example, the higher the silica, the 
greater the temperature of fusion. 
SiO, melts around 3000° F. If the 
silicate content is high, higher heat 
for fusion would be necessary, and 
this naturally increases manufacturing 
costs. 


3. Tendency of certain fluxes to 
crystallize out of solution when used 
in too large quantities. This occurs in 
the same way that salt crystallizes out 
of a salt-water solution when cooled. 
Crystallization naturally weakens’ the 
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enamel and causes a dull or greasy 
appearance. 


There are many other important 
factors that must be juggled to obtain 
a practical enamel, but for the sake of 
space they cannot be taken up here. 

The common trouble experienced 
with enamels is crazing and chipping. 
Crazing is the reverse of chipping. 
Both of these occur on account of some 
stress being set up in the solidified 
enamel. One of the reasons might be 
due to difference in coefficient of ex- 
pansion. 


Of course, when the enamel is in the 
molten form there is no stress and no 
chance of crazing or chipping, but if 
after solidifying the entire enamel has 
a coefficient of contraction or expan- 
sion considerably less than that of iron, 
chipping will probably occur. In other 
words, the iron will contract more than 
the enamel. Of course, the enamel 
shapes itself to the iron, and thus it can 
be seen how compression stresses are 
set up. 

Crazing is just the opposite — the 
enamel is higher in its coefficient of 
contraction than the base metal. 
Little hair lines will show up in the 
enamel when that condition exists, as 
the stresses are in the opposite direc- 
tion. 

Secondly, when cast iron is heated 
above 1200° F., there is a permanent 
expansion or growth, due primarily to 
the oxidation of elemental silicon to 
oxide, the silica per cent determining 
the amount of growth. Also, iron 
may be oxidized and possibly carbon 
changed to graphite. When annealed 
iron is enameled, therefore, contraction 
on cooling is lessened by the growth. 
Variation of the silica content in the 
iron without corresponding change in 
enamel formulation would, therefore, 
tend to cause either crazing or chipping. 

Thirdly, crystallization caused by 
using excess of some component sets 
up stresses that result in crazing or 
chipping. The stress would occur be- 
tween the crystal and the homogeneous 
enamel. Crystallization is hard to see 
in opaque enamels as the opacifier 
ordinarily hides the crystal. 

Fourthly, inequality of temperature 
in cooling sets up stress. If the coating 
is thicker in one spot than in another, 
there are bound to be forces exerting 
themselves between the part that 1s 
thinner and cools quickly and the part 
that is thicker and cools more slowly. 
To overcome this, the piece should be 
removed from the furnace, allowed to 
cool somewhat, and then returned. 
This tends to equalize the temperature 
at different spots. 

Fifthly, external force, such as a 
blow, may cause crazing or chipping, 
as the strength of the enamel may not 


(Continued on page 168) 








The Parsons Line 


Its application to power plant management as a basis for 


GOOD deal has appeared in 
A technical journals of late as to 

the “‘Parsons line,” but a lucid 
explanation thereof, such as would 
interest the average operating en- 
gineer, is lacking. 

The term is merely an arbitrary one 
given to a certain form of chart, the 
purpose of which is to record graphi- 
cally the working-conditions of a plant 
during some definite period with which 
the working at any other period may 
conveniently be compared. 

It was introduced some few years 
back by a Mr. R. H. Parsons. It shows 
the coal burned by or the water fed to 
the boilers on the basis of kw. hours 
generated. There is, of course, a 
marked variation thereof as the out- 
put varies, while with no useful load at 
all the boilers must still stand by and 
there is still some coal and water being 
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consumed. Moreover, even when the 
station plant is working at full power, 
the “no-load” loss remains a constant 
factor in the total coal consumption. 
Now if on squared paper the kw. 
hours are set up as abscissz, and all the 
obtainable coal consumption figures 
for different outputs as ordinates, the 
dots representing the latter tend, as 
shown in the accompanying diagrams, 
to collect themselves in a narrow area, 
through which a mean straight line can 
easily be drawn. The same process 
may be extended for water consump- 
tion. In both cases the straight, 


‘loping line cuts the zero ordinate at 
some distance above zero point, show- 
ing that, even when no useful current 





calculating bonus systems 


By F. JoHNsTONE TAYLOR 
Major, British Army, Retired 


is being generated, a certain amount 
of coal has still to be burned. 

It is the usual practice to make out 
these charts in thousands of pounds of 
coal and thousands of kw. hours per 
shift. The Parsons line, then, repre- 
sents average coal consumption of the 
plant at all outputs, and by marking 
on the diagram at the end of each shift 
the quantity of coal burned for the 
number of kw. hours generated, it can 
be at once seen whether the working of 
that particular shift is above or below 
average. The line has proved of con- 
siderable value in enabling power- 
station superintendents to see at a 
glance the coal consumption per unit 
for each shift. The use of such dia- 
grams has had a marked effect in-im- 
proving the efficiency of plants where 
it has been used; it is now in extensive 
use, and although there has been diver- 
sity of opinion as to its scientific accu- 
racy its value in practice has not been 
seriously challenged. In fact, it is so 
simple that there is little or no scope 
for question except as to the correct 
position for the mean line amongst the 
dots. This, however, is a weakness 
common to nearly all graphs, but in the 
case of the Parsons line the dots fall so 
close together that the chance of any 
substantial error is small. The value 
of this system of power-plant control 
lies in the fact that it lends itself easily 
to a system of bonus payment, which, 
while eminently fair to the men, is 
difficult for them to “manipulate.” 


What the System Involves 


In putting this system into opera- 
tion, a prolonged operating test is re- 
quired. The necessary charts with coal 
consumption and water evaporated 
are then drawn up and the straight 
lines plotted which represent the 
average performance of the plant over 
the period of observation. 

Equations obtained from an analysis 
thereof provide information of con- 
siderable importance to the efficient 
operating of the plant. There is, in the 
first case, a line representing coal con- 
sumed per kw. hour; and in the second, 
water evaporated per kw. hour. To 
apply this information to the calcula- 
tion of a bonus, the actual performance 
of the plant, when operated by any 
particular shift, is compared with the 
standard of fuel or water consumption 
for the electrical output, and the wages 
of the men concerned would be in- 
creased by the same percentage as the 
standard has been exceeded. 
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Advantages of the System 


It is claimed by the originator of 
this method of calculating bonus pay- 
ments that it provides a useful and 
appreciated bonus for such savings as 
are reasonably likely to be made with- 
out it becoming absurdly excessive 
even though the existing standard be 
very low. This enables the manage- 
ment to guarantee that once estab- 
lished it will not be modified or with- 
drawn without the operatives’ consent, 
which is an important consideration 
in inducing them to work co-opera- 
tively in improving the operating re- 
sults. The standards set are not merely 
theoretical ideals of efficiency, they 
are based entirely on the average of 
actual performances, and being mani- 
festly fair, and easy to improve upon, 
with two definite sets of figures, the 
men know how their bonus is com- 
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puted. With the bonus based on water 
consumption per kw. hour, “blow- 
ing down” will be checkmated. The 
evaporation figures may be taken from 
the readings of integrating steam 
meters as a check. 


A Practical Example 


The system first came into promi- 
nence by being made use of by Mr. 
Mitchell, the engineer of the Dalmar-, 
nock (Glasgow) power station, one of 
the largest and most successfully 
operated stations in Great Britain. 
The following diagrams show its appli- 
cation to another large power station, 
Blackburn East. This station has at 

(Continued on page 162) 





PATIENCE A VIRTUE 

Those of us who work every day in 
the laboratory with the practical facts 
of the curriculum tend to underesti- 
mate the value of keeping a constant 
watch for unusual results and supposed 
facts that do not check. 

While it is true that the majority of 
important inventions and discoveries 
have resulted from careful and patient 
research, it is nevertheless true that 
many other revolutionary discoveries 
have been the result of accidental dis- 
coveries by those whose minds were 
active enough to grasp the significance 
of the basic incident. 

An illustration of how much “trifles”’ 
may mean to one with an active mind 
is the story of the discovery of the 
presence of an unknown gas, later 
named “‘argon,” by the physicist Lord 
Raleigh. 

Raleigh had undertaken to deter- 
mine the density of the gas nitrogen 
to a very high degree of accuracy. As 
it was of course necessary that the 
samples of gas used be absolutely pure, 
Raleigh checked samples of nitrogen 
obtained from the air by the usual 
methods, which eliminated all known 
gases, against nitrogen obtained from 
ammonium nitrate, and detected a 
slight difference in weight of the gases 
from the two different sources. As the 
difference was very small, a man of 
less discernment would probably have 
charged it up to experimental error, 
but fortunately Raleigh was not of this 
type. Reperforming the experiment 
several times, he found the same in- 
explicable error, and found it to be 
approximately constant. 

Co-operating with Professor Ramsey 
the properties of the new gas were 
examined and the name, “argon,” 
applied. 

It is probably a fact that we pass 
over every day many “rifles” which 
may hold the key to important dis- 
coveries. 

Probably the most lucrative field for 
discoveries of a revolutionary nature 
is the investigation of high-frequency 
phenomena. Light, heat, X-rays, radio 
waves, are believed to be vibrations 
in the ether, differing from each other 
by their characteristic frequencies, or 
wavelengths. Several spaces occur on 
the frequency tables, denoting un- 
known frequencies. We also know 
nothing of the properties of the very 
short waves, lying beyond the radio- 
active radiations. 

Someone will build a generator for 
these radiations. Perhaps the initial 
thought back of the design will be sug- 
gested by some trifling incident which 
will tell its story to a mind alert enough 
to grasp its significance. 

It is easy to fall into a rut of hum- 


Editorials 


drum existence, but the man who gets 
ahead is the man who is on his job all 
the time, and who uses his head as well 
as his hands. 


WHAT IS YOUR OPINION? 

The Association of American En- 
gineers recently sent out a question- 
naire to various prominent engineers 
asking for suggestions on the subject 


of the inadequate fees which many of 


the profession receive as compensa- 
tion for their services. The answers 
vary considerably, but fall generally 
into two classes. They were pub- 
lished in the Professional Engineer, 
and from this journal we quote two 
examples which are interesting in the 
contrasting opinions represented. 

Answers to the question: “‘What 
can the profession do to combat the 
evil of inadequate fees?” 


1. “The profession can encourage 
rendering adequate services. The 
rendering of adequate services would 
go far toward establishing adequate 
fees.” 

2. “The most important thing 
which the profession can do to combat 
the evil of inadequate fees is to make 
a rule against an engineer charging 
less than a given fee. I have been per- 
fectly amazed during my practice to 
see the miserable fees for which en- 
gineers were willing to have their serv- 
ices engaged. Of course every time 
an engineer cuts fees, it hurts the pro- 
fession. I have consistently refused 
to take work for a sum less than I be- 
lieved I could perform adequate serv- 
ices for, and if engineers insisted 
upon having fair compensation, there 
would be no necessity to combat the 
evil of inadequate fees. The engineers 
themselves are to blame for this.” 


THE ENGINEER AND WORLD 
PEACE 


The world, from time to time, in the 
years of peace, has seen what can be 
accomplished by the forces of applied 
science for the betterment of the 
human race. The late war demon- 
strated the result of perverting these 
forces from their higher uses. There 
can be few who would suggest in any 
seriousness that the latter achieve- 
ments of science were nobler than its 
accomplishments in peace time, how- 
ever, for certain branches may have 
advanced as a result of the conflict. 

Among the nations which we call 
civilized, wars come about from 


economic and political reasons, jeal- 
ousy, selfishness, or misunderstanding. 
It would seem reasonable to suppose 
that the best way of making war less 
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likely would be by the elimination of 
as many of these causes as possible. 
The internationalist would abolish the 
division of mankind into nations, but 
man seems to call for some unit of 
measurable size and more familiar 
associations to inspire and hold his 
loyalty. The friendliness, moreover, 
is not brought about by living in com- 
plete seclusion, but by mutual inter- 
course. 


What can the engineer do, then, to 
promote this international friendliness 
and respect? Improvements in com- 
munication and transportation un- 
doubtedly give greater opportunities 
for mutual knowledge, and this seems 
to be one practical and concrete way 
in which the best interests of industry 
and humanity can be served at the 
same time. Familiarity may not re- 
move all causes of distrust or dislike, 
but it will at least tend to dispose of 
many of those imaginary ones which 
are based on ignorance. Travel alone, 
however, does not go deep enough 
toward the root of the matter unless 
it be undertaken without prejudice or 
is for sufficiently long duration for 
prejudice to be overcome. The tourist 
is inclined to adopt an attitude of crit- 
ical superiority which leaves as untrue 
an impression as he himself carries 
away. 

Pure science is almost completely 
international, and the technical socie- 
ties, by the publication of their pro- 
ceedings, are tending to put engineer- 
ing on the same footing. This is ex- 
cellent, and the extension of this 
idea seems to offer great possibilities. 
Invitations to prominent engineers of 
other nations to speak at meetings 
might be much more frequently given; 
international conventions also, held 
as frequently as possible and in as 
many different countries as possible. 
The benefits to be derived from such 
an interchange of views are suffi- 
ciently obvious. There is a thrill and 
zest in the belief that one is tackling 
an entirely new situation. In the same 
way, new light on old methods may 
reveal unexpected deficiencies. Some 
small commercial advantage might be 
lost to some one nation by this inter- 
change, but such advantages are 
short-lived in these days, and the gain 
in friendliness would offset it a thou- 
sand-fold. 

World Peace, unfortunately, is still 
a dream, but so, at one time, were 
many other aspirations which have 
since been realized. If there is any- 
thing in the claim that applied science 
is working for the human good, how 
could it be better substantiated than 
by a real effort by engineers to have 
their part in making this dream 4 
reality? 
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The Story of Early Chemistry. By John 
Maxson Stillman, Late Professor Emeri- 
tus of Chemistry, Stanford University. 
New York and London: D. Appleton and 
Company, 1924. Price, $4.00. 


This book is the best account of chemical 
knowledge and discovery previous to the era 
of modern chemistry which we have seen in 
any language. It includes and summarizes 
the results of researches in this field by modern 
scholars, among whom Stillman himself is to 
be included. 

Professor Stillman was the first adminis- 
trative head of the Chemistry Department of 
Stanford University. Taking the position in 
January, 1891, he was continuously active 
until 1917, when he retired as professor emeri- 
tus. During this period he gave for fifteen 
years an advanced course in the history of 
chemistry, and found time among his other 
duties for the publication of researches on 
Basil Valentine, Paracelsus, and Petrus Bonus. 
His retirement supplied leisure; the university 
library and the exceptionally fine private 
library of Herbert Hoover offered unusual 
facilities; and it is apparent to any reader that 
he found great pleasure in writing the book. 
He died on December 23, 1923, before he had 
seen the proof-sheets. 


The book commences with a discussion of 
the practical chemistry of the Ancients, the 
preparation of pigments, colored glass, alloys, 
etc., and continues with an account of the 
earliest chemical manuscripts, which were 
scarcely more than books of recipes for the 
preparation of materials which were used in 
the decorative arts. There is a discussion of 
the Greek and Hindu doctrines of the nature 
of matter. The chemical facts which were 
known to the alchemists are reported ade- 
quately, and the early metallurgical hand- 
books, Probierbichlein, etc., are discussed 
more fully than heretofore has been done in 


the histories of chemistry. Paracelsus is 
treated without enthusiasm and _ without 
prejudice. The great chemists of the seven- 


teenth and early eighteenth centuries, the 
rise and fall of the phlogiston doctrine, are 
treated, and the book ends with an account of 
the Chemical Revolution and of the experi- 
mentation which led to our present way of 
looking at things. 


Professor Stillman has adhered strictly to 
his intention of writing a history of early 
chemistry, for the book contains but very 
little discussion of the theories of alchemy, 
and no exposition whatever of the Hermetic 
philosophy. Emphasis throughout is upon 
facts known, upon facts used, but not, until the 
discussion of the phlogiston doctrine, upon 
facts interpreted. It is these latter, after all, 
which constitute a science. 


The book has the disadvantage that i it treats 
old theories from the point of view of our 
present theories, a method of treatment which 
would be proper if our present theories are 
right — and on this point we can be by no 
means certain. It seems to the reviewer that 
it is the duty of the historian to expound a 
theory in the light of its own epoch, in the 
light of the idea- system of which it forms a 
part. For a science is not-a collection of facts, 

‘owever much chemistry may seem to be so 
o freshmen. It is a collection of ideas. This 
s the difference between information and 
<nowledge. 


The book is lucidly written, and is enter- 
aining to read. It will appeal to any student 
f the order of things. It can be understood 

ithout previous knowledge of present chem- 
try, and if carefully read will be found to 
apart considerable of it. 


Tenney L. Davis, 713. 


Modern Gaging Practice. By Albert 
A. Dowd and Frank W. Curtis. New York: 
The Engineering Magazine Company, 
1925. Price, $3.00. 


The authors of this book have produced 
other books on mechanical subjects and have 
contributed also to the leading technical 
journals. 

In their latest work, “Modern Gaging 
Practice,” they have endeavored to treat this 
important subject in a non-technical way, so 
that it may be understood clearly by the 
mechanic and still not be too elementary for 
the use 6f the engineer and executive. 

In this age of production manufacturing 
and the interchangeability of mechanical 
parts, the design, manufacture, and use of 
gages and instruments for production and 
inspection play an important part. 

The first chapter clearly describes Inter- 
changeable Manufacture and the benefits 
derived from it, and also gives an interesting 
outline of its origin, dating back to 1785. 

Another chapter discusses the Limit Sys- 
tem, with special mention of the dimensioning 
of drawings and an explanation of tolerances, 
limits, and allowances which is valuable infor- 
mation for the designer, engineer, and me- 
chanic. 

The chapter on Standard and Reference 
Gages gives an historical review of the 
development of measurement standards; also 
the establishment of a gaging system which 
gives a description of the various gages and 
precision instruments necessary for such a 
system. 

Chapters IV, V, VI, and VII give a thorough 
description of the different types of gages, 
such as work gages and inspection gages, 
showing their various uses, and their appli- 
cation to different classes of work, also giving 
the methods of their manufacture, the tools 
used, and the care of the gages. 

The chapter on the Organization and 
Management of an inspection department is 
of interest, for it not only treats of the 
organization and its functions, but also of the 
inspection of the raw materials, which is im- 
portant in modern manufacturing, explaining 
the different kinds of tests necessary and 
showing the machines used for each. 

Chapter X, on Final Testing, treats of the 
testing of the finished product, whether it be 
a complete machine, or part, or any piece of 
mechanism showing ‘the different tests neces- 
sary to check up the various operations and 
prove the accuracy of the completed product. 

The last chapter is a discussion of Toler- 
ances, showing the differences in general prac- 
tice accompanied by several tables on the sub- 
ject, which are valuable to the manufacturer 
and a benefit to him in deciding limits. 

In addition to the detailed description of the 
different gages and instruments, and their 
application, the book is well illustrated, giving 
the reader a clearer understanding of the sub- 
ject described. This book will be useful in all 
branches of mechanical work. 


A. B. ENGLIsH. 


Engine Dynamics and Crankshaft De- 
sign. By Glenn D. Angle. Detroit: Airplane 
Engine Encyclopedia Co., 1925. 299 pp. 


+ Following the great impetus given to air- 
plane engine design by the War, there has been 
rapid scientific development, resulting in a 
vast amount of valuable experience and data. 
The present volume is the first of a series 
which, according to the publishers’ plan, will 
present this information in the form most 
useful to designers, covering each branch of 
the subject in a comprehensive manner. The 
author was formerly in charge of airplane en- 
gine design for the United States Army Air 
Service. 
153 


Non-Metallic Minerals: Occurrence 
Preparation, Utilization. By R. B. La- 
doo. New York: McGraw-Hill Book Co., 
1925. 686 pp. 


The non-metallic mineral field, as covered 
by this book, includes primarily those miner- 
ais of industrial importance which are mined 
essentially for use other than as a source of 
the metals. The author’s purpose has been to 
describe the technology of such minerals, that 
is, their mining, preparation, and utilization. 
The work does not pretend to be wholly origi- 
nal nor exhaustive, but rather a compilation 
of present knowledge from widely scattered 
sources. 


The Interpretation of Topographic and 
Geologic Maps. By C. L. Dake and J. S. 
Brown. Ist Edition. New York: McGraw- 
Hill Book Co., 1925. 355 pp. Illus. 


This most useful handbook takes for illus- 
trative material the maps issued by the 
United States Geological Survey. Introduc- 
tory pages are devoted to the features of 
maps, methods of representing topography, 
etc. The authors’ method has been to take 
up successively varidus land forms, showing 
their development and structure, and to refer 
frequently to specific maps on which the fea- 
tures described are shown in contour, by pat- 
terns, or in other ways. 


Gasoline: What Everyone Should Know 
About It. By T. A. Boyd. New York: 
ee A. Stokes Co., 1925. 211 pp. 
Illus. 


This is a popular but reliable account of the 
production, refining, and uses of gasoline, by 
an officer of the General Motors Research 
Corporation, who feels that the average 
motorist does not know as much as he should 
about the fuel he consumes. There are useful 
chapters on the safe handling of gasoline, the 
obtaining of greater mileage per gallon, and 
the prospects for a future supply. 


Preparation of Scientific and Technical 
Papers. By S. F. Trelease and E. S. Yule. 
Baltimore: Williams & Wilkins Co., 1925. 
113 pp. 


This helpful manual has been compiled 

mainly for the use of senior and graduate stu- 
dents in the preparing of theses or disserta- 
tions, but its directions apply equally to the 
writing of any scientific or technical report. 
It does not concern itself with grammar or 
rhetoric, but with the outlining and shaping 
of material in the correct form requisite to a 
presentable, intelligible report. In view of the 
perennial criticism that a large percentage of 
engineering graduates cannot write clear, 
effective reports, this book deserves study by 
every undergraduate. 


Superheat Engineering Data. New 
York: The Superheater Company, 1924. 
Price, $1.00. 


The intention of the authors in publishing 
this handbook is to condense for ready refer- 
ence the data most frequently desired by 
steam-power plant engineers and operators. 
Besides containing data and tables pertaining 
to superheated steam, the handbook has in it 
many useful tables. T here are conversion tables, 
tables on mechanical standards, calorific tables, 
etc. A section of the book is devoted to the 
flow of fluids. 

The latter part of the book is devoted to®* 
the illustration of numerous typical boilers, 
together with brief descriptions or compara 
tive figures of a few standard sizes. 

This handbook should prove of great value 
to the student of heat engineering because of 
its recentness as well as its great wealth of 
content. 

















ALCHEMY STILL A DREAM 


The age-long dream of the alchemists 
of producing gold artificially is still a 
dream. This conclusion, announced by 
the Scientific American, was reached 
after extensive experimentation by 
Prof. H. H. Sheldon, head of the de- 
partment of physics of New York 
University, assisted by Roger S. Estey, 
an instructor at the same institution, 
and an experienced physicist and in- 
vestigator. 

Professor Sheldon’s experiments were 
carried out under the auspices of the 
Scientific American. 

A process of electrically producing 
gold from the mercuric atom was 
announced last year by Prof. Adolph 
Miethe, of Charlottenburg Technical 
College, Germany. 

Briefly summarized, Professor 
Miethe’s discovery consisted in ex- 
posing a small quantity of pure mer- 
cury to the action of an intense electric 
arc inside a quartz tube. 

By passing a current of about 20 
amperes through this tube, for weeks 
at a time, Professor Miethe believed 
the structure of the lead atom to have 
been changed, forming an extremely 
small amount of gold. 

The Scientific American’s announce- 
ment would make it seem as though a 
slight amount of gold must have been 
present in solution in the original ex- 
periment in Germany, if Professor Shel- 
don’s results are to be accepted as final. 

The most far-reaching effect of such 
an experiment, should it prove suc- 
cessful, would not lie simply in the 
transmutation of mercury to gold, but 
rather in the opposite transmutation 
of gold to mercury, with the accom- 
panying enormous energy liberated. 
Thus our fondest dream — atomic 
energy — would seem within reach. 


PARADOX? 


In a recent number of the Sidley 
Fournal of Engineering,says Machinery, 
Irving P. Church, professor emeritus 
of applied mechanics and hydraulics at 
Cornell University, states that a ve- 
hicle may be moved directly against 
the wind by means of a wind wheel 
actuated by the same wind. When 
confronted by this statement, a num- 
ber of scientists and engineers have 
said positively that such a vehicle is a 
mechanical paradox and that it will 
not work. Professor Church states, 
however, that he has actually con- 
structed a model of such a device and 
that it does work. Professor Church’s 
wind-locomotive does not tack like a 
sailboat, but sails squarely into the 
breeze. The original model of the 
wind-locomotive is now in the museum 


Here and There 


Interesting notes from the Editor’s desk 


of the College of Civil Engineering at 
Cornell University. The model is 
about fifteen inches long, supported 
by three wheels — an undriven wheel 
in the rear, and two wheels in front 
driven by round belts from the shaft 
on which the wings of the wind motor 
are mounted. It is claimed that this 
model will make steady progress 
against the wind, regardless of opinions 
to the contrary. Professor Church 
demonstrates mathematically in the 
article referred to why this is possible, 
the demonstration being quiteelaborate. 

Any scheme like this, seemingly 
paradoxical as it is, causes us to scratch 
the favorite spot on our cranium. We 
have never seen Professor Church’s 
model, as unfortunately the railroad 
company does not recognize even 
scientific expeditions when issuing free 
passes. However, we seem to remem- 
ber an old rule of physics — “Action 
and reaction are equal.” Now if the 
model is to move forward, it obviously 
must be a free body, except for the 
frictional connection of the wheels. It 
does not tack, but moves squarely into 
the wind. We can see how the wind 
wheel might generate enough power to 
keep thé machine in place through the 
mechanical energy applied to the 
wheels, providing the wind resistance 
of the rest of the machine was small 
enough, but it is past our comprehen- 
sion how enough excess power could 
be generated to cause the machine to 
move forward. 

We would be pleased to hear from 
any of our readers who think they can 
prove why such a device might or 
might not work. 


: HARDENING COPPER 

That hardy perennial, hardened 
copper, has cropped up in the press 
dispatches again, this time from Lorain, 
Ohio, where E. E. Harrison, negro 
foreman, “has perfected a process to 
make pure copper as hard as tool 
steel.”’ The news report is defective in 
omitting the customary reference to 
rediscovering the lost art of the Mound 
Builders, or other ancient races, and 
no prediction is made that surgical 
instruments, razors, and other edged 
tools will soon be made of pure, hard 
copper. Otherwise, the announcement 
runs true to form, because a ‘“$3,000,- 
000 offer from Eastern capitalists has 
been refused”’ by the inventor’s attor- 
ney, Victor J. Evans, of Washington. 
A new touch is added, however, in 
smelting the copper in a vacuum, so 
that there is even less in this process 
than in its predecessors. 

There is a curious psychology in this 
business of discovering a method for 
hardening copper. It breeds in the 


154 





inventor a supreme indifference to 
wealth, a haughty and scornful pride 
that casts aside great fortunes laid at 
his feet by those mythical, credulous, 
and greedy Eastern capitalists. In 
this case the infection seems to have 
spread from Lorain to Washington — 
from the inventor to his attorney — 
for it was the latter who, according to 
reports, refused the $3,000,000 offer 
by proxy, particularly when the re- 
fusal is all he will get out of it. 

As the wind bloweth where it listeth, 
so hardened copper springs peren- 
nially from all points of the compass 
and all strata of society. The more 
humble the stratum, the more mar- 
velous the discovery and the more 
magnificent the gesture of refusing a 
vast fortune. In all this there is prob- 
ably no great harm. True, the patent 
office is burdened with useless junk; 
but the scientific world is mildly 
amused, the patent attorney gets his 
fee, the proud inventor has his brief 
hour of newspaper fame, and — in this 
case — also his vacuum. 


THIS AGE OF PROGRESS 


Heat broadcast from the equator to 
the poles; light by wireless; ‘‘free” 
power; business deals closed in “‘tele- 
phatic conversations”; flying auto- 
mobiles; these are some of the things 
in store for mankind in the years to 
come, according to Professor A. M. 
Low, London scientist. 

Low, who recently wrote a remark- 
able phantastic-scientific work, “The 
Future,” says that the things pictured 
in his work are neither “romance nor 
talking through the hat.” 

All these unusual things in the future 
have been carefully and scientifically 
charted out by Professor Low. 

“Take electric light. Think of the 
waste of power. Less than one half of 
one per cent of the power is converted 
into light. Engineers will never stand 
for that. Improvement is bound to 
come. Wireless waves and light waves 
are the same, it is only a question of 
the length of the wave. Some day 
scientists will shorten the wireless 
waves—and we will have wireless light. 

‘Power will be broadcast from great 
central stations and will be free like 
water. 

“The demand ‘for speed and yet 
more speed will shorten business con- 
versations to a matter of seconds or 
fraction of seconds. A few rapid facial 
expressions and some thought waves 
will serve the purpose of the present- 
day thirty-minute conversation. 

‘Already they are doing practically 
the same thing on the floors of our 
stock exchanges.’ —Associated Press. 











Professional Notes 


Activities of the Undergraduate Engineering Societies at the Massachusetts 


COMBINED PROFESSION AL 
SOCIETIES 


The purpose of the organization 
known as the Combined Professional 
Societies is to promote co-operation 
and prevent duplication among the sev- 
eral-separate societies and to stimulate 
interest in general engineering subjects 
at the Institute. 

The principal activity in the latter 
respect for this year will be the presen- 
tation of a series of movies of general 
interest to engineering students. It is 
planned that six or eight such pictures 
will be presented during the course of 
the year bearing on the subjects of 
manufacturing, construction, mining, 
aeronautics, etc. The pictures will be 
presented at the time which will be 
convenient for the greatest number of 
students to attend, and they will be 
open to all who are interested. 

Another activity of the Combined 
Professional Societies is the annual 
“Open House Night,” which is held 
early in the spring. On this occasion 
students of other institutions and the 
general public are given an oppor- 
tunity to make a complete tour of the 
Institute buildings and see Technology 
in operation. 


AERONAUTICAL ENGINEERING 
SOCIETY 


_As guests of the Aeronautical En- 
gineering Society, the whole student 
body was invited to attend the first 
talk of the year, when Commander 
John Rodgers, U.S. N., spoke in Room 
10-250 on the afternoon of November 
2,at4 o'clock. After successfully flying 
his plane 1600 miles of the distance 
from San Francisco to Hawaii, Com- 
mander Rodgers was forced down 450 
miles short of his objective, owing to 
lack of fuel, and then successfully 
sailed his plane the rest of the distance 
to the island of Kauai. 

The second function of the year was 
a smoker, held on the evening of 
November 4, when Lieut. Carl Shum- 
way, U.S. N. R., told of his experiences 
as pilot of the Shenandoah and Los 
Angeles. His talk was well illustrated 
by the showing of two reels of films 
taken of these airships in flight. Two 
other reels were also shown depicting 
the heavier-than-air activities of the 
Navy. This first smoker was in the 
nature of an informal business meeting 
to start the activities of the year. 

The Society is at present busily en- 
zaged in producing a small wind-tunnel 
model to be exhibited in the Aviation 
Show to be held in the Mechanics 





Institute of Technology 


Building from December 2 to 5 in con- 
nection with the Army-Navy Bazaar 
to be held at that time. An electrically 
driven propeller will furnish the wind, 
which will flow over a small model, sus- 
pended in the conventional way, with 
the object of determining the lift and 
drag forces on the model, which are 
then scaled up to give full-size effects. 
(M. I. T. is the possessor of a 414-foot 
tunnel which has contributed much 
valuable knowledge to the Aeronauti- 
cal Industry in the past, and a newer 
7-foot tunnel which is one of the 
largest in the country and is giving 
more accurate results than was for- 
merly thought possible.) 


CIVIL ENGINEERING 
SOCIETY 

The Civil Engineering Society 
opened its year with a smoker-meeting 
on Friday evening, October 23. At the 
meeting several amendments to the 
Constitution were passed, among them 
being one which provided a new class 
of membership open to freshmen, to be 
known as Junior Membership. Junior 
members were not to be allowed the 
voting privilege. Professor Hosmer 
and Dr. Terzaghi were elected honor- 
ary members. 

Professor Spofford spoke briefly on 
the value of participation by engineers 
in the proceedings of a professional 
society. 

Col. Charles R. Gow, the chief 
speaker of the evening, gave a talk, 
illustrated by lantern slides, on ““Foun- 
dation Experiences.” 

On Thursday, November 5, the 
Society conducted a trip to the Dor- 
chester extension of the Andrew Square 
tunnel. City engineers pointed out the 
features of interest in this work. 


ELECTRICAL ENGINEERING 
SOCIETY 

The first meeting of the Society was 
held on Friday, October 16, at which 
Prof. H. B. Dwight spoke on “The 
Power Possibilities of the Niagara and 
St. Lawrence Rivers.” Dr. Dwight’s 
talk has been written up and is pub- 
lished in this issue of THE Tecu En- 
GINEERING NEws. 

The second meeting for the year took 
place on Friday, November 13. Mr. 
Everett S. Lee spoke on ““What Every 
Engineer Must Sometime Do.” Mr. 
Lee said that every engineer must at 
some time measure something, and he 
told of some of the interesting things 
which have come up in connection with 
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the testing of large machines, cables, 
and other electrical apparatus in the 
shops of the General Electric Company, 
with which he is connected. Mr. Lee 
is a nationally known authority on this 
subject, and has gained much promi- 
nence in connection with a number of 
papers which he has presented to the 
American Institute of Electrical En- 
gineers. 

On Wednesday, October 28, about 
thirty members of the Society made a 
visit to the L-Street Station of the Bos- 
ton Edison Company. Other trips are 
being planned, and it is expected that 
before the end of the year a great many 
places will be visited which will be of 
interest to electrical students. 


CHEMICAL SOCIETY 

The first smoker of the year was held 
on Wednesday evening, October 28. 
Dr. J. F. Norris, professor of organic 
chemistry at the Massachusetts Insti- 
tute of Technology, head of the 
National Research Council, and presi- 
dent of the American Chemical Society, 
spoke on “Chemistry and World Prob- 
lems.” In his talk Dr. Norris cited 
many problems which chemistry was 
solving for the good of humanity. The 
problem of food supply, he showed, 
was solved by chemistry, since the use 
of fertilizers made possible very inten- 
sive farming, which in turn made pos- 
sible a greater concentration of human 
beings per square foot of the earth’s 
surface. He also showed how chem- 
istry, by decreasing the cost of prod- 
ucts to the consumer, increased the 
happiness of the human race. The case 
cited here was the use of lacquer in- 
stead of paint for finishing automo- 
bile bodies. He pointed out that, 
through chemistry, much labor was 
saved, thereby giving man more time 
for developing the less material things. 
All this progress, he said, was made 
possible only through diligent and con- 
scientious research. 

A trip was made to the Lever 
Brothers Soap Works in Cambridge 
on Thursday afternoon, November 5. 
A goodly number of members made 
the trip, and a very comprehensive 
insight into the manufacture of soaps 
was obtained. The men were shown 
from the boiling of the soap in vats 
through to the packing-room, where 
the soap is packed and sent to markets 

The officers of the Chemical Society 
are planning for a very active year. 
Another smoker will be held late in 
November, while several trips to 
chemical plants in and around Boston 
will be made in the meantime. 
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A Sleeve-Valve Airplane Engine, 
made by the Parhard Levassor Com- 
pany, has just recently passed the 240 
hr. test in the French Government 
endurance contest. It succeeded in 
doing this on its first trial, and is now 
waiting for some of the other types of 
motors which failed in their first 
attempt to make their second trial. 
The engine is of the Knight sleeve- 
valve type, embodying also many fea- 
tures on which the company manu- 
facturing it holds patents. Its height 
is exceptionally small as compared 
with that of the conventional poppet- 
valve engine, amounting to only 35.4 
inches, while that of most of the pop- 
pet-valve, overhead-cam engines is 
from 47 to 49 inches. In order to 
reduce the weight of the sleeves, they 
have been built of steel instead of cast 
iron, while special construction of the 
piston rings has decreased their weight 
materially. The motor is a twelve 
cylinder V type, delivering 450 h. p. at 
1500 r. p. m. and 550 h. p. at 1800 
r. p. m., and has a net weight of 1157 
pounds. 


Balloon Tire Losses. The result 
of investigation made by the Bureau 
of Standards of the efficiency of the 
balloon tire shows that the rolling 
resistance of the balloon tire is more 
than the high-pressure cord and less 
than the high-pressure fabric. 

On smooth roads there is a differ- 
ence in gas consumption in favor of 
the cord tire. However, on rough 
roads there is no appreciable differ- 
ence, as the balloon tire decreases the 
vertical bounce of the automobile. 

On the basis of inflation pressure of 
30 pounds for balloon and 50 pounds 
for 4-inch high pressure, the average 
rolling resistance for the cord tire is 
11.8 pounds per 1000 pounds axle 
load, while for balloon tires the rolling 
resistance is 13.5 pounds, and for fab- 
ric tires the resistance is 17.1 pounds. 


Uninflammable Celluloid. There 
has been for many years a not very 
successful searching for an uninflam- 
mable celluloid. The manufacture of 
an uninflammable fiber has _ been 
accomplished, but is of too high a 
price to be considered as apt for mass 
production. Recently, however, the 
German chemist Carl Schmidt suc- 
ceeded in composing a substance hav- 
ing the same qualities as celluloid and 
standing temperatures of 60° to 75°C. 
The material in question is a filling 
substance whose origin is a waste 
product in the industry and whose 
price of manufacture is comparatively 
low.—Translated from the German. 
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High Frequency Work. Taking 
immediate advantage of the recent 
demonstration of the efficacy of short 
wavelengths by amateur experiment- 
ers, commercial interests have begun 
a series of tests with a view of deter- 
mining their usefulness for trans- 
oceanic radio traffic. 

The Marconi Company has ob- 
tained singular success in this work 
by the use of reflectors at the trans- 
mitting end to concentrate the emis- 
sion. Their station at Poldhu, with 
an input of only 12 kw. to the antenna, 
is able to work direct with Sydney, 
Australia, almost diagrammatically 
across the earth, on about 32 meters 
wavelength. 

This field of work becomes extremely 
alluring when one realizes that the 
average long-distance commercial sta- 
tion today uses power of from 200 to 
400 kw., together with a very expen- 
sive antenna and ground arrange- 
ment. 

In the great majority of cases, 
short waves have not proved entirely 
successful as yet, however. This is 
because the very nature of commercial 
radio traffic requires that it be sent 
out immediately upon being filed. 
The amount of power received on 
waves of 100 meters down varies 
greatly with the time of the day, the 
signal often dropping completely out 
of audibility for a time. This natu- 
rally is a great drawback for com- 
mercial work. 

It is to be hoped that a way will be 
found to obviate this difficulty in the 
future. 

There is an entirely unexplored field 
in the extremely high frequencies of 
from five meters down. What work 
has been done here has been of a 
sporadic nature, and therefore little 
is known of the capabilities for long- 
distance transmissions of such high 
frequencies. There is hope here for 
development along the lines of high 
angle transmission, or a beam of 
waves directed upward to be refracted 
toward earth again at a distance. Some 
such scheme as this will probably have 
to be used because of the high absorp- 
tion of the short waves if forced to 
travel along the earth’s surface. 


A Turbine of novel form has been 
built and tested in the Danube River 
near Vienna. The structure is a large 
tube which contains a form of pro- 
peller delivering power to a smali 
generator. The tube is on floats, and 
the whole structure anchored in a 
swift current so that the flow of water 
actuates the propeller.—Science and 
Invention. 
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Transmission of Colored Pic- 
tures by Radio Now Theoretically 
Possible. Mr. C. Francis Jenkins, 
inventor of the most practical system 
of transmission of motion pictures by 
wireless known at the present time, 
announced recently a method whereby 
the picture may be transmitted in its 
natural colors. 

Mr. Jenkins’ method is based on 
much the same scheme as is used by 
all magazine printers for lithographing 
the colored cover. 

To quote Mr. Jenkins: “It is well 
known that pictures in color are in 
common use in magazine printing, in 
window transparencies and decora- 
tions. The process consists of making 
three negatives, one through a red 
screen, a second through a green 
screen, and the third through a blue 
screen. When transparencies from the 
three negatives, each stained with its 
complementary color, red, green, and 
blue, are superimposed and viewed by 
transmitted light, the resultant pic- 
ture is seen in its natural color. 

“With this process well known, it 
is obvious that three such negatives 
transmitted by radio could be colored 
and combined to make a radio picture. 
Of course, the picture is not sent in 
color, and I hesitate to claim for such 
a feat more than that the resultant 
picture proves the excellence of the 
synchronism of the machines em- 
ployed in the transmission of the 
three successive pictures, which, after 
they are received, are to be colored 
and combined into one.”’ 

It is interesting to note that Mr. 
Jenkins has recently offered, through 
“QST,” the official organ of the 
American Radio Relay League, cash 
prizes for suggestions for improve- 
ments on his picture machines. One 
aspirant succeeded in winning a $50 
prize by suggesting that the usual 
pen-and-ink method of reproducing 
the picture at the receiving end, 
which is used on Jenkins’ simpler 
models, be superseded by a carbon 
paper laid over the usual sheet of 
white paper, and the messy pen and 
ink be replaced by a metal stylus. 


Magnus Effect Propeller. Ex- 
periments are being made to apply 
the Magnus effect to airplane pro- 
pellers. The driving-power of the 
well-known Flettner rotor-ship is ob- 
tained by utilizing this effect. Present 
models consist of a propeller-like de- 
vice having rotating drums in place 
of the two customary vanes, the whole 
revolving as a propeller. 

While theoretically correct, this 
type has yet to prove efficient. 
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Chromium-Faced Plates. Until 
a few years ago, all plates at the 
Bureau of Engraving and Printing 
were made of steel and then case- 
hardened. In order to meet increasing 
demands, an electrolytic process for 
reproducing the plates was intro- 
duced. But the nickel-faced electro- 
lytic plates do not resist wear as well 
as the case-hardened steel. And in 
order to increase the useful life, the 
application of extremely hard chro- 
mium metal was undertaken success- 
fully. 

It is possible to produce a printing 
plate with a chromium surface by 
either of two methods: (1) By de- 
positing an initial layer of chromium 
instead of nickel upon the form or 
negative plate, or (2) by depositing a 
thin layer of chromium upon the 
nickel surface of the finished plate. 
Because of difficulties involved in the 
first process, the second method was 
adopted. Experience has shown that 
the thickness of the chromium plating 
need not exceed .0002 of an inch in 
order to yield a greatly increased serv- 
ice. As there are no significant lines 
in the engraving that are less than .002 
inch wide, i. e., ten times the thick- 
ness of the coating, no appreciable 
change in the design or the impres- 
sions is produced by the plating. 

The results indicate that “back” 
plates will last several times as long 
as the nickel-faced electrolytic plates 
and at least twice as long as case- 
hardened steel plates. On “face” 
plates chromium has been found par- 
ticularly valuable because the life of 
both steel and electrolytic plates has 
hitherto been very short. The chro- 
mium is applied to steel plates which 
have not been case-hardened, and thus 
a troublesome and expensive opera- 
tion is eliminated. Another great ad- 
vantage of the chromium surface is 
that it can be renewed. The worn 
plating can be stripped off and a new 
surface deposited without any loss of 
definition. 

The impressions from the chromium- 
surfaced plates are identical almost 
up to the point of failure, whereas 
with the steel or nickel-faced plates 
there is a gradual but constant loss of 
definition. 


Artificial Larynx. Hitherto, when 
t became necessary to remove a can- 
er victim’s larynx from the throat in 
‘ surgical operation, the patient has 
f course lost the power of speech. In 
n attempt to benefit these unfortu- 
ates, Dr. Harvey Fletcher and 
lessrs. Wegel and Lane have re- 
ently developed an artificial larynx 
nade of rubber, after suggestions 
ade by Dr. John E. Mackenty, of 
New York City. 

The device consists of a hard rubber 
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mouthpiece and an attached cylinder 


containing a vibrating membrane of 


pure rubber. It is connected by a 
flexible tube to the throat of the user 
at the point where his windpipe, owing 
to the surgical operation, communi- 
cates directly with the open air. 

The necessary vibrations are pro- 
duced by the rubber membrane and 
are modulated by the mouth, tongue, 
and teeth in the same way that the 
vibrations produced by the larynx 
of a normal person are modulated into 
intelligible speech. There is an open- 
ing in the side of the artificial larynx, 
so that the wearer may breathe. When 
the wearer is talking, the opening can 
be temporarily closed with the thumb. 

The speech produced differs from 
natural speech in that it is heard in 
the form of a low-pitched monotone, 
but it is perfectly intelligible. The 
speech is clear enough so that the user 
may converse over the telephone if he 
wishes.—The India Rubber World. 


Spontaneous Combustion of 
Cotton is, in general, held to be due 
to an oxidation of the cotton oils and 
the consequent heat, evolved by the 
chemical reactions, which gradually 
raises the temperature of the cotton 
to the ignition point. However, an 
entirely new theory has been devel- 
oped by Andre Dubose, who says that 
the evolution of heat is brought about 
by the action of the enzyme, lipase. 

Lipase owes its existence to the 
action of bacteria living in the slimy 
and nitrogen-containing parts of the 
cotton plant, and has the power of 
splitting fatty substances, an exother- 
mic reaction resulting in the evolution 
of a large amount of heat. While the 
bacteria develop best at a temperature 
of 25° to 30° Cent., and are killed at 
higher temperatures, the action of 
lipase is greatest at a temperature of 
35° to 50° Cent., and, when the tem- 
perature is raised to 100° Cent., its 
activity is negated. 

The heat developed is not dissi- 
pated, but is stored in the interior of 
the mass of cotton until the tempera- 
ture rises to the ignition point.—Am. 


Dyestuffs Reporter. 


Flameproofing with Selenium. 
According to recent discovery, the 
element selenium, although itself com- 
pletely combustible, has the property 
of flameproofing insulation on electric 
wires; and one wire treated with it 
will render several untreated wires, 
wound into a bundle with it, flame- 
proof. In some remarkable way, the 
action is connected with the smother- 
ing of the flames by the inflammable 
selenium vapor, as the insulation 
ceases to burn only after the igniting 
flame is removed.—American Chemi- 
cal Society. 
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Transmutation of Mercury to 
gold seems partially discredited by 
the Scientific American’s experiments. 
The conditions described by Dr. 
Miethe were duplicated as exactly as 
possible, except that mercury from a 
gold-free source was used. Then an 
improved lamp was designed by the 
experimenters to give better condi- 
tions for the hoped-for change to take 
place. In both instances absolute fail- 
ure to find traces of gold indicated at 
least that Dr. Miethe’s experiment 
does not always result in the forma- 
tion of gold. Whether or not the mer- 
cury used by Dr. Miethe contained 
gold before the experiment is still an 
open question. 


An Analytical Balance in which 
the pointer is replaced by a beam of 
light, possessing many advantages in 
accuracy and speed of weighing, has 
recently been perfected by Wm. Ains- 
worth & Sons. The device reads the 
deflection of the balance beam by 
means of a ray of light projected from 
a six-volt electric lamp to a mirror on 
the beam, thence to a mirror in front 
of the index, which reflects it to a 
third mirror in the top of the balance 
cabinet, and finally to an index scale 
in front of the balance mechanism 
and in the line of vision of the oper- 
ator. In analytical balances of the 
usual construction, this affords an 
optical lever five feet long, or seven 
times the length of the usual pointer 
attached to the beam, making it pos- 
sible to weigh with greater precision, 
or more rapidly with equal precision 
by alterations in the center of gravity 
of the beam to increase or decrease its 
period of vibration. The elimination 
of parallax and of eye-strain is equally 
important.—Industrial and Engineer- 
ing Chemistry. 


Salvaging Liner of Built-upGun. 
When the process of making built-up 
guns was still in the experimental 
stage, water-cooling was once tried 
on the outer hoop to hasten comple- 
tion of the operation. When the en- 
tire gun was cool, the outer two bands 
were found to be loose. The cooling 
of the outer cylinders contracted them 
against the hot expanded inner mem- 
bers so that they became overstressed, 
which caused permanent enlargement. 

Recently, when a large forging was 
wanted, knowledge of this misfortune 
was turned to good account. One of 
the “in-between” cylinders of an old 
gun was salvaged by loosening and 
removing the outer cylinders by this 
pre-cooling method with water, then 
the inner liner was removed by the 
usual refrigeration method. The cost 
of the forging thus obtained was far 
below that of a new one.—Army Ord- 
nance. 
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Water Power Possibilities of the St. Lawrence and Niagara Rivers 


Lake Frie and the lower Detroit River 
could be kept higher in low-water sea- 
sons, such as the present one. 

An additional dam might be built a 
few miles above the Falls to provide 
storage a few hours at a time, and so 
allow a larger peak load to be carried 
by the power-plants. 

The total of the above developments 
comes to 6,000,000 h. p., for which 
there is sufficient water, and for which 
the unit cost is probably sufficiently 
low. The question arises, could an 
immediate market be found for so 
much additional power, or would it be 
necessary to wait for years for the 
market to be gradually built up? It 
is probable that the only way in 
which an immediate market could be 
found would be to build transmission 
lines to large cities, as indicated in 
Figure 1. 

Over three and one-half million 
horsepower of the additional power 
would be Canadian, and although 
there is an incipient power shortage in 
Ontario at present, a few hundred 
thousand horsepower would fill present 
demands and normal growth. The 
question of bringing industries from 
the United States in large numbers to 
use this power is one on which opinion 
in Canada is divided. 

There is, without doubt, a strongly 
supported opinion in Canada, though 
it is not unanimous, that the export of 
power should be completely prohibited 
so as to force industries to locate in 
Canada. 

This question is more an economic 
and political question than an engineer- 
ing one. However, engineers should 
form their opinions on such questions, 
though statements cannot be given by 
anyone with the same confidence that 
one would give a mathematical result- 
A debate on this subject was held by 
the Engineering Institute of Canada 
in Montreal last winter, and opinion 
was about equally divided. The one 
side said that to export any electrical 
power was like having a transfusion 
of blood to build up the commercial 
health of your competitor. The other 
side emphasized that they were just as 
loyal to Canada as anyone, but only a 
few industries, like the pulp and paper 
or aluminum industries, could move 
to Canada. Others would be prevented 
by the American tariff, or electric 
power would be only an incidental to 
them. Therefore the choice was not 
whether it was desired to bring indus- 
tries to Canada or not, but the choice 
lay between allowing the water to run 
to waste year after year, or developing 
it at once and selling the surplus, as 
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would be done with any other kind of 
surplus product. 

Looking at the matter in this way, 
the statement can be made that if an 
equitable price is paid, and if the re- 
quired future Canadian use of the 
power be safeguarded by suitable agree- 
ments, it is in the interest of Canada as 
well as of the United States that the 
power of the St. Lawrence and Niagara 
Rivers be developed and transmitted 
to large cities wherever it is economical 
to do so. 

It was agreed by many on both sides 
that too many water-fall rights had 
been given away for almost nothing in 
the past, and a proper price should be 
paid for them, either as first cost or as 
rental. It does Canada very little good 
if an outside corporation acquires a 
water-power site for a nominal sum, 
develops it, and takes both the power 
and the income out of the country. 
The export duty on power, recently 
imposed, tends to correct this situation, 
as well as tending to induce industries 
to come to Canada for cheaper power. 

It may be mentioned that while the 
frequency of twenty-five cyclesis stand- 
ard in the Niagara district, it would 
seem to be the best engineering to use 
sixty cycles for large future develop- 
ments, so that energy can be trans- 
mitted to other districts with complete 
freedom. 

If 300-mile lines are built to carry 
very heavy power loads, they would 
require the use of synchronous con- 
densers in intermediate substations, as 
has been proposed in recent years but 
not yet used in actual practice. 

‘Synchronous condensers have been 
used for some years at the load end of 
long transmission lines, and it has been 
known that there is a limit to the 
amount of the power load of such a 
system. This limit is approximately 
inversely proportional to the reactance 
of the line. Thus the limit of load of a 
300-mile line might be 140,000 kw., 
and it might be profitable to put a 
larger load on the line. This could be 
done by putting a large synchronous 
condenser at the middle of the line, 
controlled to maintain constant volt- 
age. The limit of load will now be 
calculated almost as if for a 150-mile 
line, each half being treated more or 
less separately, and so a larger load 
than 140,000 kw. could be carried. 

To look at the matter in a little more 
detail, it can be shown mathemati- 
cally that when the load increases so 
as to approach the limit, an increase 
in field current of the synchronous 
condensers, which normally raises the 
voltage, no longer does so, but pro- 





duces a drop in voltage instead. When 
this happens, the voltage. drops to a 
low value, the synchronous:condensers 
drop out of step, and the transmission 
line ceases .to function. — 

Usually a trouble of this kind is dis- 
covered by hard experience, but this 
trouble was prophesied three or four 
years ago by some engineers, and the 
cure was stated to be intermediate 
synchronous condensers. The phenom- 
enon was not actually observed on a 
transmission line till last year. The 
240-mile line from Big Creek to Cali- 
fornia is calculated to have a load 
limit of 180,000 kw. This load was 
actually reached, and at 183,000 kw. 
the synchronous condensers dropped 
out of step. The voltage dropped 
nearly to zero and then built up slowly 
to normal. In about fifteen minutes 
the load again reached 183,000 kw. 
and the phenomenon was repeated. 
This was stated to be the first time 
that a long high-voltage line has 
passed through this unstable condi- 
tion. (See papers by H. A. Barre, 
Electrical Fournal, June, 1925, and by 
C. L. Fortescue, Fournal A. I. E. E., 
September, 1925.) 

Calculations of this phenomenon are 
not very short, and the above short 
description may be of interest to those 
who have not followed the matter 
closely. It is evident that if the load 
is large enough so that the condensers 
are almost ready to drop out of step, a 
surge in current or voltage can make 
them do so. Valuable results on this 
question of stability under transient 
conditions have been published by 
Prof. V. Bush, of the Massachusetts 
Institute of Technology, and R. D. 
Booth. 

In conclusion, reference may be 
made to a new type of tubular trans- 
mission line conductor, which seems 
suitable for long, heavy-powered lines 
such as those referred to. This is made 
by laying wires on a twisted copper 
strap. 

The voltages of 150 and 220 kilo- 
volts have given such good service that 
if a 300-mile line of maximum power 
is built in the next few years, a slightly 
higher voltage, such as 250 kilovolts, 
might easily be chosen. The corona 
loss at such a voltage would make a 
conductor diameter of over one inch 
desirable, and this could be conven- 
iently obtained by using a tubular con- 
ductor. Further, the stability limit of 
load depends on the reactance, and the 
tubular conductor, because of its 
larger diameter, would have less react- 
ance, and a greater limit for the 


power load. i 
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Here’s how to 
set the world afire 


VEN green wood burns, under the concen- 
trated heat of the burning glass. Even this 


green earth can be kindled by the man who concen- 
trates all the fire of his brain on what he is doing. 


Concentration—secret of all great work. 
—secret of the winning basket shot by the 
player who might well have been distracted 
by ‘‘burned’’ elbows and eyes clouded with 
perspiration. 

—secret of the scholarship prize that might 
more easily have been allowed to slip by in 
favor of the twittering birds and the flowers 
that bloom in the Spring. 

—secret of the electrical short cut devised by 
the engineer too intent on that single task to 
let the thousand and one time-kiilers of the 
business day get the upper hand. 
Concentration was their burning glass. And 


focused ability set their worlds afire. 
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the moment two 10,000 kw. turbo 
alternators taking steam at 200 pounds 
and 588° F. from seven B & W marine- 
type boilers, each with an evaporative 
capacity of 50,000 pounds per hour at 
210 pounds pressure and 600° tem- 
perature. The trial upon the results 
of which these charts have been plotted 
continued for four weeks and com- 
prised 84 consecutive shifts, during 
which time the total output was 1,821,- 
620 kw., varying from a minimum of 
3000 kw. per shift to 50,000 kw. per 
shift of eight hours. 

The coal consumption diagram is 
shown in Figure 1, from which the fol- 
lowing equations were deduced: 


C = 18600 plus 1.540 K. . (3) 


C and K being as before, while R, the 
average coal consumption in pounds 
per kw. hour generated, is given by the 
expression: 
R = 18600/K plus 1.540. . (4) 
From the diagrams so obtained a 
standard coal consumption corre- 


sponding to any electrical output can 
be determined. For instance, at the 
lowest output per shift of 3000 kw. 
hours, the coal consumption is found 
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Figure 3 
to be 7.74 pounds per kw. hour, 
whereas at the highest output this is 
but 1.91 pounds. 

The figure for no-load coal consump- 
tion is 18,600 pounds per shift, this 
being necessary to run one unit light 
and to cover all banking, radiation, 
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leakage, and auxiliary losses for one 
shift. After this constant no-load con- 
sumption has been met, there is a net 
rate of coal consumption for each 
electrical unit generated, this repre- 
sented by the slope of the line = 1.540 
pounds per kw. hour. This may be 
regarded as the coal consumption 
rating for the station apart from no- 
load losses. 

Figure 2 gives the results in terms 
of steam per shift, and in the same way 
as before two formulas are evolved for 


W — the total water evaporated 
in pounds per shift, 


and 
U — the overall steam consump- 
tion in pounds per unit 
generated, 
while the slope of the line gives the 
steam consumption rating. These 


equations may be combined to give E 
the evaporation in pounds of steam 
per pound of coal. 
W = 100,000 plus 11.776K.. . (5) 
U = 100,000/K plus 11.776 . . (6) 
C = 5522 plus 0.1308W ..... (7) 
W = 7.647C — 42217........ (8) 
E = 7.647 — 42217/C....... (9) 


(Continued on page 164) 
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valve and the large iron body gate valve— 
both are Jenkins. Jenkins Valves range in 
size from eighth-inch to valves so large that a 
man could walk through them. 

There are Jenkins Valves for practically 
every requirement, for controlling the flow of 
water, oil, gas, air and other fluids—in power 
plant, plumbing, heating, fire protection and 
other service. 

These valves are built to do their jobs and 
do them well—designed, made, tested and 
guaranteed for the maximum service, not 
merely the average. 

You can tell a member of the Jenkins 
fraternity by the Jenkins “Diamond” mark 
cast on the body of the valve. 
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in the detonation of explosives. 
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thereby insuring dependability 
and efficiency of performance. 


A partial detonation of an ex- 
plosive charge caused by the use 
of deficient blasting accessories 
causes an increase in the final 
cost of the blasting operation. 
Complete detonation can be in- 
sured by the correct use of du 
Pont explosives and detonated 
with the following approved du 
Pont blasting accessories: 
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The evaporation line can also be 
obtained by directly plotting the water 
evaporated against the coal consumed, 
as shown in Figure 3. Therefrom it 
will be seen that when no steam is 
being generated a coal consumption 
of 5522 pounds per 8-hour shift is re- 
quired in order that the boilers shall 
be at full pressure to cope with load at 
any moment. This quantity of coal, 
therefore, represents the no-load losses 
in the boiler house. The total no-load 
consumption has already been given 
as 18,600 pounds of coal per shift, so 
that 18,600 — 5522 = 13,078 pounds 
of coal per shift is consumed in making 
up no-load losses in the turbine room. 

From equation 9 it will be seen that 
the evaporation tends to a limiting 
value of 7.647 pounds per pound of coal. 

The Parsons line for a station estab- 
lished by this method of analysis forms 
criteria from which the operating re- 
sults on any and every subsequent 
shift can be compared, whatever the 
output. It gives a standard water and 
coal consumption for a station at all 
loads, and represents the average 


actual performance during a_ period 
when that station was run with scru- 
pulous attention to detail. 


In other 


words, it provides an ideal to be 
worked to—not a theoretical ideal, 
but one known to be obtainable under 
practical working-conditions. Not- 
withstanding this fact, several promi- 
nent engineers have criticized the sys- 
tem principally in regard to the line be- 
ing straight. It should be remembered, 
however, that the Parsons line is not 
an exact law of nature, but is purely 
an arbitrary standard, a developed 
application, in fact, of the Willans law. 
Drawn through a number of readings, 
this line may well be a straight line for 
practical purposes, although strictly 
it is not so. As a straight line simple 
equations may be written to it, and 
with two or three known results others 
may be closely approximated. The 
line being a standard for the particular 
plant in question, the shift engineers 
can be encouraged to keep subsequent 
readings below it, and it would be 
upon the keeping of these readings 
below the line that bonus payments 
would depend. 

It is essentially a good system for 
fixing the basis of equitable bonus pay- 
ments, and although, perhaps, imper- 
fect, it is probably the least imperfect 
of any yet devised. 
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A Survey of Physics 


(Continued from page 143) 


method of mechanics, and it needs to 
be pointed out that the most advanced 
students of mathematical physics are 
but little better off than the reader in 
this respect, for no one as yet has any 
intuitive appreciation of the principle 
of least action nor any conceptual in- 
sight into its meaning. The mathemat- 
ical physicist only knows how to for- 
mulate the principle mathematically 
and how to derive its consequences. 
The principle of least action applies 
to all merisnc al phenomena, to all 
electromagnetic phenomena (including 
light), and to all thermal and chemical 
phenomena; but it fails in all these 
fields when there is any irreversible 
action. Because of this failure of the 
principle it is better to say that the 
principle of least action is useful in cor- 
relating mechanical, electromagnetic, 
thermal, and chemical effects when 
the accompanying irreversible action is 
negligible. All of these effects are highly 
idealized when irreversible action is ig- 
nored, because every phenomenon in 

nature is accompanied by some irre- 
versible action, and, of course, irrevers- 
ible action is very much in evidence in 
many thermal and chemical phenomena. 

(Continued on page 166) 


































poses — American Bessemer, and 
American Open Hearth Steel Sheets, 
KeystoneCopper Steel rust-resisting 


Sheets, Apollo Galvanized Sheets, 








44 Special Purposes, Roofing Tin Plates, 
Bright Tin Plate, Black Plate, Etc. 























THE TECH ENGINEERING NEWS 165 


November, 1925 






Good Automobiles Are 
Known by Their 
Bushings 


HE motor car is a conspicuous ex- 
ample of how a small and inex- 
pensive part can vitally affect a costly 
and complicated mechanism. It is not 
economy to bush a car with inferior 
bronze alloys, brass tubing, iron or steel 
bushings just because it can be done 
for a few cents less per car. 



































Wabbly, difficult steer- 
ing and uncertain control 
of the vehicle is the price 
paid by the motorist for 
poor quality bushings 
put into steering knuckle 
and tie rod by the man- 
ufacturer. 










is vital 


N connection with a new 
pumping station at Mil- 
waukee, Wisconsin, additional 
feeder mains were required. It 
was necessary that one of these 
should carry an unusually large 
proportion of the water supply, 
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and 54-inch pipe was decided 
upon. Although pipe of mate- 
rial other than cast iron had a 
lower first cost, Cast Iron Pipe 






must withstand inces- 
sant and terrific shocks 
in the hottest part of the 
engine—no place for tak- 
ing chances on quality. 
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Another method in physics, the 
method of thermodynamics, overlaps 
the method of mechanics but goes 
beyond the method of mechanics inas- 
much as it recognizes the existence of 
irreversible or sweeping processes in 
nature; but the method of thermody- 
namics has nothing to do with irre- 
versible or sweeping processes them- 
selves, but only with their results, and 
indeed with only one result, namely, 
the increase of entropy. 

Another method in physics is_ the 
atomic method, or atomics, as it is 
often called. It is certainly true that 
atoms themselves are now the objects 
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of observation and measurement in the 
laboratory, but only when the fourth 
method, the statistical method, as 
described below, is used. The great 
theoretical structure which is called 
the atomic theory, especially that 
branch of it which is called statistical 
mechanics (Gibbs), of which the kinetic 
theory of gases is a special case, is 
based even now on postulates; for no 
one could maintain that our real knowl- 
edge of atoms is of the kind that could 
be used as a foundation for any elabo- 
rate mathematical structure. The 
atomic method is the building up of 
elaborate pictures or conceptions of 
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physical conditions and things, and its 
chief function is to make physical con- 
ditions and things intelligible or think- 
able. The kinetic theory of gases, as 
it exists in the mind of a physicist, is 
pretty nearly a working model of a gas, 
and it enables the physicist to “‘see’’ 
the properties of a gas as effectively or 
even more effectively than he could see 
them in an actual working model. 

A fourth method in physics is the 
statistical method. The best examples 
of the use of this method in the labora- 
tory are, perhaps, Perrin’s experimen- 
tal studies of the Brownian motion and 
Rutherford’s experimental studies of 
the scattering goto and beta rays. 
The statistical method as used in the 
kinetic theory of gases and in statisti- 
cal mechanics is a purely theoretical 
structure, and it belongs to the atomic 
theory, whereas by “the” statistical 
method we mean the laboratory study 
of actual erratic things and the inter- 
pretation of the observed results by the 
use of the theory of probability. 

The characterization of physics in 
terms of methods seems to be more 
significant than the older subdivision 
of physics into branches according 
to subject-matter. Thus mechanics, 
hydrostatics, hydraulics, heat, optics, 
acoustics, electricity, and magnetism 
are the old branches of physics, and the 
boundaries between these branches are 
rapidly disappearing with the advance- 
ment of physics; in fact, chemistry can 
no longer be thought of as a distinct 
branch of physical science. The 
branches of physical science grow less 
and less distinct as physical science 
develops, but the methods as above 
enumerated and briefly described are 
being more and more clearly recog- 
nized as distinct methods; and, what 
is even more important, every one of 
these methods has been more and more 
strengthened by modern discoveries. 
Thus Maxwell’s theory has very greatly 
strengthened the dynamic method in 
the study of light, although the electro- 
magnetic theory of light is not a me- 

(Continued on page 174) 
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“K TOBODY knows” how tired 
1 N you are of trying to guess 
what your fuel costs will be. Only 
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Gas Fuel will simplify your cost 
problems. it will give you an ex- 
act knowledge of what your fuel 
cost is today and will be tomorrow. 
You can reckon to a penny just 
what the fuel facts of your busi- 
ness are. 


Gas Fue. is paid for after it is con- 
sumed. Only so much fuel as is 
actually concentrated on produc- 
tive work is used. The fuel burned 
bears an exact relation to its cost 
because it is all utilized for known 


results. There is no waste. There 
is no sub-normal production 
period. Gas Fuel is 100% efficient. 
Gas gives you control of fuei re- 
sults and keeps fuel cost within 
control. 

All useful fuel must be converted 
into gas when it is burned. All is 
wasted which is not gasified. You 
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plant of your own at a variabie 
cost dependent on many condi- 
tions both inside and outside your 
plant—some of which you cannot 
control. 
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smoke at Boston’s modern gas-making plant 
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Reaction Turbine 


(Continued from page 147) 


hydraulic condition occur in the high- 
pressure constructions which would 
permit the building up of pressure on 
the top of the turbine runner, the re- 
sult would be a dischafge at the point 
of shaft entry under high-pressure con- 
ditions. As this is to be avoided, 
stuffing-box packed with a specially 
devised graphite-metallic packing has 
been provided. To prevent generation 
of excessive heat by the rubbing of this 
packing against the shaft at the high 
rotating speed at which the unit runs, 
it is of course desirable that the packing 
be kept as loose as possible. To prevent 
any leakage water from passing the 
stuffing box at all under such condi- 
tions, a lantern gland is introduced 
between the packing rings, thus form- 
ing a chamber into which any seepage 
water passing the first rings of the pack- 
ing may be collected and carried away 
to tailwater. As a further safeguard, 
however, a water-operated ejector is 
furnished to remove any seepage from 
the guide-vane or shaft stuffing-boxes. 
The main steady bearing is of the 
babbitted and oil-lubricated type, made 
in halves and supported directly from 
an extension of the upper ring ¢ casing 
cover. It is arranged for pressure 
lubrication introduced at the center, 
(Continued on page 170) 
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Enameling 


(Continued from page 150) 


be great enough to withstand the impact. 

Figures have been obtained on raw 

materials for enamels, giving their 
comparative abilities to stretch or 
withstand the stresses of ore men- 
tioned that cause crazing or chipping. 
In formulating, then, an enamel must 
be made that will have good elasticity, 
so that ordinary stresses will not cause 
crazing or chipping. 

Pin-holes and blisters are nearly 
always caused by improper cleaning 
of the metal. Scale or dirt is usually 
found to be the trouble-maker. Under- 
firing makes for bubbles through cover 
coats, all the gases not being expelled 
when the ground coat is fired. Over- 
firing volatilizes some of the ground 
coat, and the iron beneath is oxidized 
on succeeding burning, causing lifting. 
Scum on finished ware is usually due to 
the lack of oxygenin theenamel furnace. 

Lead oxide and boric oxide are the 
only fluxes that can be used in large 
amounts without starting crystalliza- 
tion. Although borax gives greater 
strength than lead, it cannot displace 
it altogether, because its coefficient of 
expansion is much lower than that of 
iron, while that of lead oxide is nearly 
the same. This latter quality, together 
with its strength-giving qualities, great 
brilliancy, and unrestricted working- 


range, make it one of the most valuable, 

if not the most valuable, of fluxes. As 
some enamelers express it, no ingre- 
dient gives an enamel so much ability 
to “go around corners” as lead. 

Zinc oxide gives greater strength and 
elasticity to enamels than any other 
raw material. When zinc is used in 
large quantities, crystallization sets in. 
Ten per cent seems to be about the 
ideal percentage. Its coefficient of ex- 
pansion is intermediate, which makes 
it still more useful in compounding. 
ZnO is sometimes used as an opacifier 
in mill additions, but this is bad prac- 
tice, and results in enamels that are 
poor in gloss and color. 

Litharge, PbO, is the most economi- 
cal lead product for a manufacturer to 
use. The cost per pound of metallic 
lead or oxide is considerably lower than 
either that of red lead or white lead. 

Red lead Pb3;04 sometimes is pre- 
ferred on account of the oxidizing 
effect obtained from the extra oxygen 
content, but the economy of this is 
doubtful. Sodium nitrate ordinarily 
turns the trick. Some manufacturers 
claim that after seventy-five per cent 
of the time of fritting is over, no oxi- 
dizing effect is obtained from any of 
the raw materials. At this point 

(Continued on page 170) 
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The Standard 
for Rubber Insulation 


OR nearly half a century the name OxoniTE 
has been recognized in the electrical industry 
as being synonymous with quality. 

OxoniTE insulation is a rubber compound con- 
taining never less than 30% by weight (over 60% 
by volume) of wild, dry, Up River Fine Para 
Rubber with no admixture of low grade rubber, re- 
claimed rubber or rubber substitutes. 

All products bearing the OKONITE trade mark 
carry with them our unconditional guarantee of 
excellence and unvarying reliability. 

OKONITE is made in but one grade. 
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GOOD LIGHTING OF INDUSTRIAL PLANTS SECURES 
SAFETY AND EFFICIENCY. 


The Code of Lighting for factories, mills and other 
work places of the State of New Jersey makes excellent 
recommendations of daylight for the proper lighting of 
industrial buildings. 


Adequate daylight facilities through large window 
areas, together with light, cheerful surroundings, are 
highly desirable and necessary features in every work 
place, and they should be supplied through the necessary 
channels, not only from the humane standpoint, but also 
from the viewpoint of maximum plant efficiency. 


Importance of Daylight. 


The unusual attention to gas and electric lighting in 
factories, mills and other work places during the past few 
years; the perfection of various lamps and auxiliaries, by 
means of which an improved quality and quantity of light- 
ing effects are obtained; and the care which has been 
cevoted to increasing the efficiency in various industrial 
epparatus—all go to emphasize the many advantages and 
economies that result from vital and adequate window 
space, 6s a means for daylight in the proper quantities, 
and in the right direction during those portions of the day 
when it is available. 


Three Considerations, 


Three important considerations of any lighting method 
ere sufficiency, continuity and diffusion, with respect to the 
daylight illumination of interiors. Sufficiency demands 
adequate window area; continuity requires (a) large 
enough window area for use on reasonably dark days, (b) 
means for reducing the illumination when excessive, due 
to direct sunshine, and supplementing lighting equipment 
for use on particularly dark days, and especially towards 
the close of winter days, (c) diffusion demands interior 
cecorations that are as light in color as practicable for 
ceilings and upper portions of walls, and of a dull or matt 
finish, in order that the light which enters the windows or 
that which is produced by lamps may not be absorbed and 
Jost on the first object that it strikes; but that it may be 
returned by reflection and thus be used over and over 
again. 


Diffusion also requires that the various sources of 
light, whether windows, skylights or lamps, be well dis-: 
tributed about the space to be lighted. Light colored sur- 
roundings as here suggested result in marked economy, 
but their main object is perhaps not so much economy 
as to obtain results that will be satisfactory to the human 
eye. 


Requirements for natural lighting: 
1. The light should be adequate for each employe. 


2. The windows should be so spaced and located that 
daylight is fairly uniform over the working area. 


3. The intensities of daylight should be such that 
artificial light will, be required only during those 
portions of the day when it would naturally be 
considered necessary. 


4. The windows should provide a quality of daylight 
which will avoid a glare, due to the sun’s rays, 
and light from the sky shining directly into the 
eye, or where this does not prove to be the case 
at all parts of the day, window shades or other 
means should be available to make this end pos- 
sible. 


As will be noticed in the above recommendations, large 
windows and proper diffusion of daylight are urged, in 
order to meet the demands of daylight lighting. 


Shades may be eliminated and most efficient lighting 
obtained by the use of Factrolite Glass. 


If interested in the distribution of light through 
Factrolite, we will send you a copy of Laboratory Report— 
“Factrolited.” 


MISSISSIPPI WIRE GLASS CQO, 
220 Fifth Avenue, 
New York. 


St. Louis, Chicago. 
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The Differential Eliminates 
Unnecessary Calculation 


WINNING feature of the Brown & 
Sharpe No. 44 Spur and Spiral 
Gear Hobbing Machine is the differen- 
tial. With the introduction of this device 
the selection of 
change gears, pre- 
viously a difficult 
mathematical prob- 
lem, was greatly 
simplified. And, the 
differential is but 
one of the modern 
Hobbing a Spur Gear construction fea- 


tures of the No. 44 Machine. 


The Brown & Sharpe No. 34 Spur 
and No. 44 Spur and Spiral Gear Hob- 
bing Machines are representative of the 
highest development in machines made 
for the rapid production of accurate gears. 


















































If you are further interested in the 
design, operation 
or production pos- 
sibilities of these jy 
machines, send for 
“Brown & Sharpe 
Gear Hobbing 
Machines,” a well |i 
illustrated booklet 
covering both. 





Hobbing a Spiral Gear 





BROWN & SHARPE MFG. CO. 
PROVIDENCE, R. L., U.S. A. 





Enameling 


(Continued from page 168) 


oxidizing conditions are maintained 
through the burners. 

It is not likely that lead will ever be 
entirely excluded from enamel formu- 
las, although some manufacturers have 
done so with more or less success. They 
have used more borax and zinc oxide, 
but have decidedly limited their work- 
ing-conditions. Leadless enamels do 
not have the give and take of lead 
enamels, and slight variations in the 
base metal will cause serious crazing 
or chipping trouble. 





Selected Grades 


Anthracite 
and 


Bituminous 


COAL 


BURTON-FURBER 


COAL COMPANY 
50 CONGRESS STREET 
BOSTON 
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Reaction Turbine Plant 


(Continued from page 168) 


and overflows are provided both top 
and bottom which return the oil to a 
sump, whence it is raised to a storage- 
tank some distance above, means for 
collecting the oil from the bearing 
having been carefully worked out so 
that there is no seepage or disagreeable 
accumulation of oil outside. A check 
system of oil grooving is provided in 
the bearing, each set of grooves being 
fed from circular channels which are 
kept constantly filled by the pressure 
oil. The turbine guide-vanes are made 
of annealed cast steel and are of the 
disk type. This form is particularly 
useful in high-head turbine construc- 
tion, as, by interposing metal disks be- 
tween the spindles and the guide-vanes 
proper, it is possible to secure a very 
rugged connection between the pref- 
erable slender shape of the guide-vane 
and the necessarily large diameter of 
the spindles which move it. Were the 
disks omitted from the guide-vanes, it 
would be necessary to shape them very 
differently, making them thick at the 
center where the spindles attach and 
seriously affect the hydraulic form. 
The full width of the guide-vanes for 
the Oak Grove unit (which, it will be 
remembered, is of 35,000 h. p. capacity) 
is but seven inches. Their supporting 
spindles rotate in grease-lubricated, 
bronze-bushed bearings. The unbal- 
anced thrust, or upward lifting tend- 
ency of the guide-vanes (the ends of 
the spindles being exposed to the 
casing pressure) is carried on specially 
constructed thrust rings, grease lubri- 
cated, and made of Parsons metal. 
The stuffing-boxes through which the 
guide-vane spindles extend for their 


‘connection to the gate-operating mech- 


anism are extra long and are pro- 
vided with lantern glands and drains 
to carry off seepage water in the man- 
ner previously described in connection 
with the stuffing-boxes for the main 
shaft. Outboard bearings support 


the extreme ends of the guide-vane 
spindles. 

The pressure regulator, or relief 
valve, provided for the Oak Grove 
turbine is of particular interest to 
those more familiar with the types of 
regulator used on turbines of moderate 
head, although to users of impulse or 
Pelton wheels it will not appear very 
different from the auxiliary relief, 
needle-regulating nozzle used in con- 
nection with the modern Pelton wheel. 
In the design of the relief valve, it was 
necessary to provide a construction 
which would have characteristics of 
discharge in agreement with the flow 
of the water through the turbine 
guide-vanes, since, if a change of 
quantity flow through the turbine was 
not met with the relief of an equal 
quantity through the relief valve dur- 
ing the periods of speed regulation, a 
difference in velocity in penstock flow 
would result. Under high-head con- 
ditions, the danger from variations of 
penstock velocity may easily be more 
serious than with turbines operating 
under ordinary heads. It was also 
necessary to secure a smoothness of 
operation and a freedom from vibra- 
tion in the relief-valve discharge, as the 
high-head conditions would easily make 
disturbances of this sort a_ serious 
menace. The disposal of the jet dis- 
charging from the relief valve, and the 
effective quenching of its energy, is 
ordinarily for high-head Pelton-wheel 
installations. In the present case, 
however, the jet is turned through an 
arc slightly in excess of 90 degrees by 
means of a substantial cast-iron elbow, 
and is allowed to discharge directly 
into the stream below the power-house 
in a spectacular but harmless fashion 
without disturbing the draft-tube tail- 
water. 

Acknowledgments are made to Mr. C. P. Dunn, Design- 
ing Engineer of the Portland Electric Power Company, and 


to Mr. R. C. Smith, of the Pelton Water Wheel Company, 
for data and illustrations for this work. 











orders have been received from this firm 


One of the finest textile mills in the world, built by Wm. T. Reed Co. Several repeat 


WILLIAM T. REED CO. | 


Building Construction 


200 DEVONSHIRE STREET, BOSTON 


We are organized and equipped for the 
efficient handling of mercantile and indus- 
trial building construction of all descriptions. 














November, 1925 






















Columbus was a man of vision 


UT not even he could have foreseen 

the great industrial development of 
this country which would come about 
through improved methods of manu- 
facture and transportation, and the im- 
portant part that would be played by 
Hyatt roller bearings. 


Modern industry requires and far 
sighted engineers demand that rotating 
parts be mounted on bearings 


that will roll instead of rub. 


Raw silk, wool and cotton are 
transformed into the fruit of 
the loom; deeply hidden coal 
and metal ores are brought to 


HYATT 


Roller Bearings 





HYATT ROLLER BEARING COMPANY, NEWARK, N. J. 
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the light; ribs of steel are fabricated 
for the backbone of modern construc- 
tion. In fact every phase of industry 
is speeded up and assured uninterrupt- 
ed output by the use of Hyatt roller 
bearings which, with their rugged 
durability and unfailing dependability 
are serving the needs of the nation 


faithfully and well. 


When designing or purchasing 
mechanicalequipment,remember 
that the combined experience of 
the Hyatt Roller Bearing Com- 
pany’s engineers and specialists 
is always at your disposal to help 
you solve your bearing problems. 


An actual Hyatt bearing, nickel 
plated for use as a paper weight 
or pocket piece, is yours for the 
asking. This bearing, the smallest 
we manufacture, clearly demon- 
strates the anti-friction principle 
which has made Hyatt bearings 
leaders in the commercial world. 
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Launching of the U.S. S. Lexington 


chain used was 1400 tons, or over 
3,000,000 pounds. The chain piles were 
laid in the form of the letter U, and 
as the ship moved down the ways, each 
pair of drags turned over end to end, 
and came into action successively, thus 
acting as a steadily increasing resist- 
ance. The idea of arranging the piles 
in U-shaped form, turning them over, 
and bringing them into action succes- 
sively, was adopted so as to prevent 
any undue shock coming upon the ship 
or upon the wire ropes. 

The resistance offered by a pile of 
chain cable is very great, especially if 
it digs into the ground at all; and 
furthermore, being very flexible in 
character, the pile moves over the 
ground much more evenly than would 
an anchor or a heavy armor plate. 
Consequently, the pull exerted upon 
the Lexington by the system of chain 
drags used in her launching was re- 
markably free from shocks and fluctua- 
tions. 

To still further aid in checking the 
ship, a mask was built at the after end 
of the cradle, and the four propellers 
were prevented from turning, and, as 
already stated, the ship was stopped 





(Continued from page 148) 


with the bow less than 140 feet from 
the end of the ways. The last pair of 
chain drags was not moved at all, and 
the next to the last pair only slightly, 
showing the complete effectiveness of 
the whole system of checking the vessel. 

Every possible means was taken to 
ensure the safety of the ship and of the 
people attending the launching. One 
important precaution was the placing 
of the observation stand at the side of 
the ship instead of at the bow, as is 
customary in most launchings. This 
was done so that in the event of the 
breaking of any of the wire ropes 
attaching the chain drags to the ship 
no harm could come to anyone. This 
and many other precautions show the 
great amount of consideration given 
to the problem, and the builders of the 
Lexington are certainly to be congratu- 
lated upon the success attending every 
feature of the launching. 

Dr. Davey Finds Method of In- 
creasing the Conductivity of Cop- 
per. ‘Large crystals,” the announce- 
ment states, “grow in such a direction 
that the atoms are arranged in col- 
umns along the length of the crystal. 


YOUR PRODUCTION COSTS? 


There is a way in which we may be able 
to lower YOUR production costs: 


Stampings Are Cheaper Than 
Finished Castings 


If there are any parts of your product now made of 
finished castings, we can probably stamp them out of 
sheet metal at a lower cost. 


For nearly fifty years we have specialized in the 
production of metal specialties. 
has been combined with modern machinery and 


skilled workmen. 


PETER GRAY & SONS, Ine. 


Manufacturers since 1878 of Sheet Metal Specialties 


Third and Binney Streets 





It is this regular arrangement of the 
atoms which, it is believed, gives to 
the single crystals their superior con- 
ductivity when compared with ordi- 
nary copper in which the crystals are 
small and the arrangement of these 
small crystals quite chaotic. 

“There is reason to believe that the 
conductivity of copper crystals along 
another axis from that measured may 
be even 60 per cent greater than the 
value of pure copper, but the growth 
of single crystals along this other axis 
has not yet been brought under con- 
trol.” 

By means of mathematical calcu- 
lations, Dr. Davey found that copper 
composed of a single crystal should 
have a conductivity 14 per cent higher 
than that of ordinary copper. These 
calculations were based upon the 
arrangement of the copper atoms as 
revealed by the use of the X-ray. 

It is evident that this method of 
increasing the electrical conductivity 
of copper is of only theoretical interest 
at the present time, but it is entirely 
possible that continued experimenta- 
tion may open the way to commercial 
practicability. 
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To Prepare For Your Job 


OWER COSTS, greater safety and increased all 
‘round efficiency are resulting from the rapid 
advancement which is taking place in explosives 
engineering. At mines, quarries and on construc- 
tion work throughout the world improvements in 
methods of drilling, blasting, loading, and trans- 
porting of coal, ore and stone are constantly being 
made, and every month some of these are reported 
in “The Explosives Engineer”, a unique, illustrated 
periodical devoted to these important subjects. 


NEW OFFER 
Less than 3c a Month 


VY 7E are making a new offer of a three years’ 


subscription to “The Explosives Engineer” 
for one dollar postpaid anywhere in the United 
States. This will apply to all of our present readers as 
well as to new subscribers. Each issue is exhausted 
shortly after publication, so it is advisable to send 
in subscriptions at once in order to secure the 
November number. Attach a dollar bill to the cou- 
pon and keep abreast of developments in mining, 
quarrying and construction for 36 months. 


THE EXPLOSIVES ENGINEER 
WILMINGTON DELAWARE 
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The “November Issue 


Truly amazing figures are re- 
vealed in the November issue 
by Daniel Harrington, emi- 
nent Consulting Engineer of 
Salt Lake, in his article “Coal 
Mine Blasting from the Sur- 
face”, which describes the sys- 
tem of firing shots after all men 
are out of the mine. No stu- 
dent of coal blasting problems 
should miss this story. 


Other articles which contain 
practical, usable information 
are “The Zinc Mines of Mas- 
cot”; “Channeling with Ham- 
mer Drills and Rock Dusting 
Equipment at Dawson, New 
Mexico”. 


Otho M. Graves, President, 
National Crushed Stone Asso- 
ciation, tells what that organi- 
zation’s recently established 
Engineering Bureau will mean 
to the crushed stone industry, 
and there is an inspiring short 
biography of Howard I.Young. 


Regular features of every issue 
include the popular Blaster 
Bill and Wilyum Jan cartoons, 
and an index of the month’s 
books, articles and patents on 
drilling, blasting and allied 
subjects. 


-»] MAIL THIS COUPON }e- 
Subscription Rates 


United States . . . . 3 yrs. $1.00 1yr. $ .50 
Canada, Newfoundland, and Australia 1 yr. 1.50 
Other foreign countries 3 yrs. $2.00 1 yr. 1.00 


The EXPLOSIVES ENGINEER, 
947 Delaware Trust Bldg., 
Wilmington, Delaware 

I am enclosing $1.00 for a 3 years’ subscription to The Explosives Engineer, to begin with the November 


issue if it is not already exhausted. (This rate applies only to the United States.) 


Please send me conditions covering the National Safety Competition for The Explosives Engineer Trophy. [] 














E specialize in reinforced concrete and 

general industrial construction. The 
new KENDALL SQUARE GARAGE, 
near M. I. T. (which is shown above), 
representative of the kind of work we do. 





S. C.SPERRY CO. 


INCORPORATED 


Engineers and (ontractors 


KENDALL Square, 292 Main STREET 
CAMBRIDGE, Mass. 
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A Survey of Physics 


(Continued from page 166) 










































chanical or dynamic theory in the older 
narrow meaning of these terms, and 
the altered points of view which have 
come from the principle of relativity 
have strengthened the method of 
dynamics. 

Profound changes in our so-called 
fundamental ideas in physics have 
come about in recent years because of 
two things, namely: (a) an increasingly 
clear appreciation of the significance 
of irreversible actions in nature has led 
us to recognize definite limitations to 
the method of mechanics (Planck’s 
dynamics), for an irreversible process 
is beyond the range of the mechanical 
method; and (b) the principle of rela- 
tivity has modified our ideas of time 
and space and has extended the idea of 
energy to include the idea of mass; but 
these changes in our so-called funda- 
mental ideas seem to be merely formal, 
or at most these changes seem to have 
eliminated only what is non-essential 
from our fundamental ideas, leaving 
our methods essentially unaltered; but 
the quantum hypothesis seems to 
strike more deeply. 

The quantum hypothesis denies the 
principle of continuity as used through- 
out the method of mechanics. Atomic 
processes take place by jumps, so that 
the idea of time as a continuous flux 
is brought into question; and if time 
as a continuous flux is objectively non- 
existent, then the whole structure of 
theoretical dynamics must be purely 
idealistic, and at best only applicable 
to large-scale phenomena. Indeed, the 
atomic theory itself raises the pre- 
sumption that continuous space is an 
idea, not a physical fact, and thus 
the purely idealistic character of theo- 
retical dynamics is again indicated. 

The whole of statistical mechanics, 
which includes the kinetic theory of 
gases, is a theoretical structure based 
upon purely mechanical postulates 
concerning atomic action, whereas the 
quantum hypothesis rules out the 
purely mechanical conceptions of 
atomic action, and it seems, therefore, 
that the quantum hypothesis is likely 
to lead to profound changes in the 
atomic method. 
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cord, and many special cords for special pu purposes 





SAMSON _SPOT SASH CORD 





Made of extra quality cotton yarn, carefully inspected and guaranteed free from all imperfections of braid or finish. The colored spots 
We make braided cord of al] sizes, kinds, and “colors, for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 


ALOGUE AND SAMPLES GLADLY SENT ON REQUEST 
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You'll never make" 


an electrical engineer” z 


O a blond young 

man named 
Taylor, just gradu- 
ating in - electrical 
engineering at the 
University of North 


Carolina, was ad- 





vised by a conscien- 


Carl Taylor tious professor. The 
professor’s conviction was based on quiz 
papers and was amply justified. But the 
young man was not discouraged; he had 
other hopes, he said. ‘T’ioday—ten years 
later—he occupies a peculiarly important 


position with the Westinghouse Company. 


Before Carl Taylor had completed his 
apprenticeship with Westinghouse he began 


to sell apparatus to utility-customers. He , 


had previously sold clothing in college. 
He had selected an electrical engineering 
course because he believed the industry 
promising for men of selling interests. 
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His first actual 
order—the elec- 
trification of a 
scrap yard—was 
awarded to him 
at a higher price 
than that asked 
by any other 
bidder because 
he had ‘‘lived with’? the job and given 
all the service this implies. 


grooves? 


Some months later the Company was 
surprised at a request from him for an in- 
definite leave of absence. He wanted to 
take a job with a manufacturer of steel mill 
machinery, in order better to understand 
the problems of such users of electrical 
equipment. His leave lasted two years. 
He returned from the superintendency of 
a well-known plant—returned at a lower 
salary than the superintendency had paid 
him. But within three years he was 


Westinghouse 


., , 


enter a large industrial organization? 





(( The question is asked: Where do young men get when they 


Have they oppor- 


tunity to exercise creative talents? Or are they forced into narrow 


This series of advertisements throws light on these questions. Each 
advertisement takes up the record of a college man who came to 
Westinghouse within the last ten years, immediately after graduation. 


manager of the industrial division of the 
Pittsburgh Sales Office—the largest divi- 
sion of the Westinghouse Company in the 
entire country. Today he has a sales 


organization of sixty-five men. 


To get the customer’s point of view— 
to go the limit to anticipate his wants and 
keep him satisfied—this is the Westing- 
house sales policy. It is the policy of all 
enlightened industrial organizations. Men 
who can exemplify it in their personal 
careers need have no question about their 
futures. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


oF 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 
courses, each of four years’ duration, in Civil, Mechanical, and Electrical 
Engineering; Naval Architecture and Marine Engineering; Mining Engineering 
and Metallurgy, and Geology; Architecture and Architectural Engineering; 
Chemistry, Chemical Engineering, and Electrochemical Engineering; Biology 
and Public Health, and Sanitary and Municipal Engineering; Physics, General 
Science, and General Engineering; and in Engineering Administration. These 
courses lead to the Degree of Bachelor of Science. 


To be admitted to the first-year class, applicants must have attained the | 
age of seventeen years, and must satisfactorily fulfil entrance requirements in 
Algebra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, 
English, History, and French or German, and one elective subject. Examina- 
tions are required in all subjects except Chemistry, History, and the elective, 
the requirements for which are fulfilled by the presentation of satisfactory 
certificates. A division of these entrance subjects between different examina- 
tion periods is permitted. 

Entrance examinations are held at the Institute in September. In June, 
applicants will be examined by the College Entrance Examination Board in 
Boston, New York, Philadelphia, Chicago, and many other cities in America 
and Europe. A circular stating times and places is issued in advance by the 
College Board. 

Graduates of colleges and scientific schools of collegiate grade, and in 
general all applicants presenting satisfactory certificates showing work done at 
another college corresponding to at least one year’s work at the Institute, are 
admitted, without examination, to such advanced standing as is warranted by 
their previous training. 

Graduate courses leading to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy, and Doctor of Science are also offered. 
Special Research Laboratories of Physical Chemistry, Applied Chemistry, and 
Science have been established. | 


PUBLICATIONS 


Bulletins of General Information, Courses of Study, Summer Session, 
Advanced Study and Research; and the Report of the President and the 


Treasurer. 
Any of the above-named publications will be mailed free on application. 


For information, address 


ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE 39, MASS. 








A Lesson in 
Psychology 


N OLD CHIEF of the Pueblo 
Indians, on his first visit to 
Chicago, was taken to the top of 
the new Tribune Tower Building. 


On leaving the elevator, he turned 
to his guide and asked, “When are 
we going up?” When he was told 
that he was already on the top 
floor, the old man declared flatly 
that he did not believe it, because 
he had climbed no ladders;—nor 
could he be persuaded until he 
looked over the city spread out 
beneath him. 


It’s all a matter of association. The 
Chief had always associated the 
idea of “going up” with the lad- 
ders of a Pueblo. In a similar fash- 
ion, to people in modern cities 
the world over, the idea of ascent 
is inextricably bound up with the 
name of Otis. 


THE CHICAGO TRIBUNE BUILDING és equipped with nine (9) Otis Elevators, 
traveling at a speed of 800 F. P. M., and operating with signal control, which 
is entirely automatic in operation and independent of the operator. This is the 
newest and most improved operation for intensive elevator service in high buildings. 


Oo Fis Be hoe VAY Oe SO ma PF AN Y 


Offices in all Principal Cities of the World 








GENERAL 





In an isolated region, almost inaccessible 
in winter, this 6500 h.p. hydro-electric 
piant located on the Deerfield River in New 











England, starts, protects, and stops itself. 


A Self-Starting Power Plant 





The General Electric Company 
has developed generating and 
transmitting equipment step 
by step with the demand for 
clectric power. Already electric- 
ity at 220,000 volts is trans- 
mitted over a distance of 270 
miles. And G-E engineers, ever 
looking forward, are now 
experimenting with voltages 
exceeding a million. 





A new series of G-E advertise- 
ments showing what electricity 
is doing in many fields will be 
sent on request. Ask for 
booklet GEK-1. 


Dawn—the slumbering city awakens and calls for 
electric current. Many miles away the call is 
answered. A penstock opens automatically, releas- 
ing impounded waters; a water turbine goes to 
work, driving a generator; and electric current is 
soon flowing through wires over the many miles to 
the city. This plant starts and runs itself. 


Power plants with automatic control are now 
installed on isolated mountain streams. Starting 
and stopping, generating to a set capacity, shut- 
ting down for hot bearings and windings, gauging 
available water supply, they run themselves with 
uncanny precision. 


Thus another milestone has been reached in the 
generation of electric power. And with present-day 
achievements in power transmission, electricity 
generated anywhere may be applied everywhere. 


The non-technical graduate need not know where 
electricity comes from—nor even how it works. 
But he should know what electricity can do for 
him no matter what vocation he selects. 
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